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ABSTRACT 
 At least one third of the insecticide used in agriculture has been used to control 
the boll weevil in cotton.  Historically, these insecticides have been toxic to humans and 
harsh on the environment.  In addition, the intensive use of chemical insecticides to 
control the boll weevil results in the disruption of naturally occurring biological control 
factors that regulate other insect pest populations causing a chain reaction of secondary 
pest populations that require treatment followed by resurgence and repeat treatment.  This 
situation has resulted in the development of resistance to insecticides, high control costs 
and unacceptable levels of chemical insecticide contamination in the environment.   The 
boll weevil eradication program was instituted, in part, in an attempt to curtail the adverse 
environmental effects of traditional boll weevil control practices.  A statistical analysis of 
23 restricted use pesticides use in Louisiana cotton from 1991 through 2003 revealed that 
there was a significant change in the use of seven of these insecticides from the time 
before eradication (1991-1998) and during eradication (1999-2003) in Louisiana.  Of 
these seven, five showed a significant decrease in use and two showed a significant 
increase in use.  Impact quotients developed to take into account the annual use of each 
insecticide plus the toxicological values and environmental influence of each insecticide 
indicate that the insecticides with a significant change in use had a smaller mammalian 
toxicological impact quotient (MTIQ) during eradication than before eradication.  The 
ecotoxicological impact quotient (EcoTIQ) increased dramatically during eradication as 
compared to before eradication and the environmental impact quotient (EnvIQ) increased 
slightly over the same period.  In all cases, the MTIQ remained substantially lower than 
the EcoTIQ and EnvIQ in any given year and as eradication progressed and malathion 
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use declined, so did the impact quotients and insecticide use, especially methyl parathion.  
As eradication of the boll weevil in Louisiana nears completion, a continued reduction in 
all three quotients is expected.   
 viii
INTRODUCTION 
 Anthonomus grandis Boheman, the cotton boll weevil (Figure 1), moved 
unnoticed from Mexico into Texas where it was first detected in 1892.  For about thirty 
years this nonindigenous pest expanded its territorial range making it to Virginia by the 
early 1920’s.  This expansion went virtually unchecked because control methods were 
virtually nonexistent (Dickerson et al., 2001). During the thirty years of migration 
eastward, cotton producers and government agencies on the federal, state and local levels, 
realizing the devastation that was taking place, conducted research and developed 
chemical control methods in an attempt to halt the economic destruction caused by this 
pest.  These control methods worked to some degree, but the environmental degradation 
caused by use of these chemicals proved to be tremendous.  The chemical method of 
control continued with the development and use of newer and, in some instances, 
environmentally harsher chemicals.  Even with these chemical methods of control, the 
boll weevil had established itself as the number one cotton pest across the cotton belt and 
wreaked havoc upon the economies that had become so dependent on cotton, costing the 
cotton industry nearly $17 billion in damage losses and insecticide and application costs 
since it first appeared near Beevil, Texas in 1892 through 1999 (Dickerson et al., 2001).  
More recent estimates put the overall cost at $22 billion (USDA-ARS, 2003).   
Because the boll weevil has few natural enemies and no known biological factor 
effectively regulates population development of this species, effective control has 
essentially been limited to use of chemical insecticides.  Resistance, secondary pest 
outbreaks, and resurgence often led farmers to apply more and more chemicals to keep 
from losing everything (Dover, 1985).  This resulted in a type of “pesticide treadmill”.     
 1
 
Figure 1.  Anthonomus grandis Boheman.  Source: United States Department of   
Agriculture-Agricultural Plant Health Inspection Service (USDA-APHIS) 
 
It is estimated that one third of all insecticide used for agricultural purposes in the U.S. 
were applied to cotton for boll weevil control (Perkins, 1980).  Data from another survey 
covering 1971-1978 indicate that this proportion may have been closer to 53 percent of 
all agricultural chemicals (Ridgeway et al., 1983).  It had become increasingly apparent 
that for the betterment of the economies and the environment, more would have to be 
done.  In discussions concerning our extreme dependence on chemicals, Dover (1985) 
states that biological controls, which are more benign and often more effective, are 
crucial to any strategy that would relieve us of this dependence.  To develop a strategy 
that would accomplish this would require more government involvement along with 
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acceptance and participation by the cotton producers.  The Boll Weevil Eradication 
Program would be that strategy.   
For eradication to be feasible, scientists first had to develop an understanding of 
the pest’s biology to be able to create effective, efficient control methods and then put all 
the research together to create the model for area wide boll weevil eradication (USDA-
ARS, 2003).  The Boll Weevil Eradication Program (BWEP) is similar to integrated pest 
management, another approach to controlling harmful insects that is increasingly gaining 
favor.  Both methods call for reducing pesticide use by spraying and otherwise treating 
fields at critical points in the life cycle of the pest—not, as with conventional methods, 
according to the growth of the crop (Downs, 1985).   
Upon completion of eradication in the Carolina’s and implementation in Georgia, 
southern Alabama and Florida, populations of beneficial insects in those states have 
rebounded because farmers no longer have to spray chemicals to control the boll weevil 
(Suszkiw et al., 1994).  In the same article Gary Herzog, a University of Georgia 
entomologist is quoted as saying, “Growers were once anxious to spray because of 
weevils and other pest problems.  Now they don’t want to spray.  Their whole philosophy 
has turned around.”  In Georgia, one of the most immediate environmental benefits 
derived from the eradication program has been an approximate 60 percent reduction in 
the number of insecticide applications.  This substantial reduction of insecticide use 
allows beneficial insects to build up to more effective populations, which in turn helps 
establish long-term stability and sustainability in the cotton agro-ecosystem.  This 
enhanced stability leads to a general trend of fewer and fewer insecticide treatments, 
ultimately facilitating the expression of another kind of “treadmill”; that is, a benign, 
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long-term, sustainable biological cycle (Haney et al., 1996).  Entomologists from 
Georgia, Alabama and South Carolina indicate reductions in the number of insecticide 
applications made to cotton ranging from 12 applications to 4 or 5 applications, from 12 
applications to 5 or 6 applications, and a reduction of 75-80 percent respectively 
(Suszkiw et al., 1994).   
In 1997 cotton producers in the parishes along the Red River Valley began taking 
part in the Louisiana Boll Weevil Eradication Program.  Two years later, producers in the 
Northeast Louisiana cotton producing parishes joined the eradication effort. (Figure 2)  
Cotton crop loss damage from the boll weevil throughout the state since eradication 
began has been virtually zero indicating that the program is working in that regard. 
This study will evaluate twelve years of chemical use data to determine if there 
has been any significant change in the amount of insecticide classified as Restricted Use 
(RU) being applied to Louisiana’s cotton crop since eradication began in the state.  In 
addition, toxicity values, leaching, surface loss potentials (runoff) and soil half-life data 
for each insecticide will be used to establish an index of toxicity and environmental 
values.  This study will further organize and simplify the indexes and data, by utilizing an 
impact quotient (IQ) model derived from Kovach et al. (2004) in order to evaluate 
chemical use trends over time and their environmental impact.   
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Figure 2.  Louisiana Eradication Zones.  Source: Louisiana Department of 
Agriculture and  Forestry (LDAF).  
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LITERATURE REVIEW 
History of Boll Weevil Control in Cotton 
 From 1892, when the weevil first appeared in Southern Texas, until about the 
1920s, options to control the boll weevil were limited and inadequate.  Cultural control 
methods were the first attempt at controlling boll weevil populations.  These methods 
consisted of the use of early maturing cotton varieties, early planting, early harvesting 
and destruction of cotton stalks after harvest (Hunter, 1904a).  These practices offered 
some relief but were not providing totally effective boll weevil control.   
 In 1901 the United States Department of Agriculture (USDA) published Farmer’s 
Bulletin 130, one of the first reports recommending use of molasses to attract the boll 
weevil to arsenical poison (2 ounces of arsenic boiled in water until dissolved then mixed 
into 46 gallons of water plus 2 gallons of cane or sorghum molasses) (Mally, 1901).  
Initial research attempts to use Paris Green (a copper aceto-arcenate compound) instead 
of previously recommended cultural control practices for boll weevil control were shown 
to be absolutely futile; the tests were conducted to counter extensive use of Paris Green 
by Texas farmers, who falsely assumed that early kills of boll weevils would be adequate 
(Hunter, 1904b).  In 1908 Wilmon Newell conceived the idea of dusting cotton plants 
with a formulation of powdered lead arsenate.  Until then, the only available form of 
arsenate was a paste which was mixed with water and applied as a spray (Haney et al., 
1996). 
Beginning about 1920, inorganic chemical insecticides became available and their 
use continued for approximately twenty-five years.  The most effective of these inorganic 
chemical insecticide products were another form of arsenical compounds, the most 
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widely used of which was calcium arsenate.  These proved to be more effective than 
cultural control, but were only moderately efficacious.  Problems associated with the use 
of inorganic chemical insecticides included toxicity to humans and livestock, and 
application difficulty (Dickerson et al., 2001). 
 Use of organic chemical insecticides began about 1945 and their use continues to 
the present time.  These insecticides include organochlorine or chlorinated hydrocarbons 
(CHCs), organophosphate, carbamate, and pyrethroid chemistry.  The most commonly 
used was an organochlorine insecticide mixture, 3-5-40 (Benzene hexachloride, DDT, 
and sulfur), in a dust combination.  Other organochlorine insecticides developed later also 
controlled the boll weevil (Dickerson et al., 2001).  Because these organic chemical 
insecticides were so highly effective in controlling boll weevils, some entomologists 
believed that the boll weevil problem had been solved.  This belief however, was short- 
lived.  Boll weevil resistance to chlorinated hydrocarbons (CHCs) was first reported in 
Louisiana in 1954, with 65% of the weevils tested showing some degree of resistance 
(Dunn, 1964).  Entomologists not only in Louisiana, but also across the cotton belt, were 
also finding resistance in the boll weevil to these insecticides.  Environmental pollution 
and toxicity to mammals and other non-target species were problems associated with the 
organochlorine insecticides.  In 1954, 98 percent of the insecticides sold were CHCs; by 
1958 only 34 percent of the insecticides sold were CHCs (Haney et al., 1996). 
 Resistance in the boll weevil to the organochlorines caused cotton producers to 
change to the organophosphorus compounds for boll weevil control.  In 1980 USDA 
insecticide recommendations for boll weevil control included aldicarb, azinphos-methyl, 
carbaryl, EPN, EPN plus methyl parathion, malathion alone, malathion plus methyl 
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parathion, methyl parathion plus methomyl, monocrotophos, toxaphene alone, and 
toxaphene plus methyl parathion, all applied “on foliage at 3 to 7 day intervals until 
controlled” (Anonymous, 1980).  Because of its low mammalian toxicity, malathion was 
widely used initially.  However, when field tests showed methyl parathion at .25 to .50 
lbs./acre could be safely used, it became the dominant insecticide for weevil control 
because it was much less expensive than malathion and, at higher rates, it also controlled 
bollworms and tobacco bud worms.  Another insecticide, azinophos-methyl (GuthionÒ), 
with longer activity was also widely used for boll weevil control (Dickerson et al., 2001).   
azinphosmethyl and methyl parathion have been the insecticides of cotton growers choice 
for boll weevil control for nearly four decades (Martin et al., 1996). 
 Because the boll weevil has few natural enemies and no known biological factor 
which effectively regulates population development of this species, effective control has 
essentially been limited to use of chemical insecticides.  Chemical insecticide use for boll 
weevil control can often be intensive.  Therefore, naturally-occurring biological control 
factors that regulate population of other insect pests of cotton can be disrupted, 
potentially causing a chain reaction of secondary pest infestations that require treatment 
followed by resurgence and repeat treatment.  Hardee referred to this phenomenon as the 
“pesticide treadmill” as described in 1972 when he wrote: 
The extensive use of insecticides for control of boll weevil not only may cause a 
serious problem of environmental pollution but often causes a drastic reduction  
of natural biological agents that otherwise would hold other agricultural pests in 
check.  The adverse effect on natural insect parasites often leads to a subsequent 
increase in populations of such insects as the tobacco budworm and the (cotton) 
bollworm.  This, in turn, may result in increased crop losses and increased intensive 
use of insecticides to protect the cotton crop (Hardee, 1972). 
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This situation results in the development of resistance to insecticides, high control costs, 
and unacceptable levels of chemical insecticide contamination in the environment. 
Governmental Policy on Eradication Program Participation 
 Government involvement with the boll weevil began within two years of its 
discovery in Texas when the USDA dispatched C.H.T. Townsend to study this pest.  In 
1901, the U.S. Congress appropriated funds for boll weevil research.  In 1902, the first 
USDA laboratory was established in Victoria, Texas and Congress appropriated $20,000 
to support the work there (Dickerson et al., 2001).  The research was focused on the boll 
weevil’s life history and on control.  Seaman A. Knapp, a scientist with the USDA 
Bureau of Entomology, began studying methods for boll weevil control in 1903, the 
USDA expanding its role in research as the boll weevil threat grew.  As research 
continued, entomologists, with cooperation from growers in South Texas, developed 
cultural control recommendations. These later became known as the Government Method 
(for boll weevil control) and beginning in about 1920 insecticides became the principle 
method of control.  After USDA published a summary of biological observations and 
arsenical dust experiments that had been conducted between 1913 and 1917 at the Delta 
Boll Weevil Laboratory in Tallulah, Louisiana, cotton producers were quick to adopt the 
calcium-arsenate-dust method for boll weevil control.  Even with all this effort the boll 
weevil continued its migration eastward. In 1921 the 67th Congress published a report by 
the South Carolina Boll Weevil Commission, organized in 1915 at Clemson University, 
to help South Carolina growers prepare for the boll weevil’s impending appearance.  
Known as the “Brookhaven Report”, the report gave the producers further insight into the 
boll weevil’s devastating effect on the Mid-South’s cotton economy: 
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Wherever the boll weevil has become established the result has been 
agricultural and economic panic and resulting demoralization.  Advances to 
farmers by banks and merchants on the cotton crop have been greatly curtailed 
and values have been greatly depressed…labor has largely left the country, 
and the cotton crop.…for the first few years at least, has been almost 
completely destroyed.  The result has been the loss of lands and homesteads 
by owners, inability by tenants to pay out, and a period of readjustment  
(Riggs, 1921).  
 By 1922, the boll weevil had finally reached Virginia (NCDA, 1923) and boll 
weevil research programs were initiated in every cotton-producing state.  These research 
programs were conducted with both state-supported work and cooperative efforts with 
USDA.  The development of insecticide resistance in the boll weevil drove the cotton 
industry, the U.S. Congress and USDA to take action against the boll weevil in an 
entirely different way, beginning with a major expansion of research efforts.  The 
insecticides used for boll weevil control can cause a chain reaction of secondary pest 
infestations following the often-intensive spray schedule which disrupts naturally 
occurring biological control factors that regulate populations of these pests, resulting in 
treatment followed by resurgence and repeat treatment.  The results of this situation have 
been development of resistance, high control costs, and unacceptable levels of chemical 
insecticide contamination in the environment.  The search for a solution to these 
problems eventually led to the development of the Boll Weevil Eradication Program.  
Legislation enabling eradication of the boll weevil is as follows: 
USDA Organic Act, 1944: This Act authorizes the Secretary of Agriculture to 
detect, eradicate, suppress, control, prevent, or retard the spread of plant pests in 
the United States (Defense Environmental Network and Information Exchange). 
7 U.S.C. Sec. 147a: Control and eradication of plant pests 
7 U.S.C. Sec. 148: Control of insect pests and plant diseases 
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7 U.S.C. Sec. 148a: Availability of appropriated money for general 
administration; personnel; field work, etc. 
7 U.S.C. Sec. 148c: Control of insect pests and plant diseases; cooperation of 
states 
7 U.S.C. Sec. 148d: Restrictions on appropriations 
7 U.S.C. Sec. 148e: Authorization of appropriations 
7 U.S.C. Sec. 450: Cooperation with State agencies in administration and 
enforcement of laws relating to marketing of agricultural products and 
control or eradication of plant and animal diseases and pests; coordination of 
administration of Federal and State laws 
[US code Envirotext, 1996] 
   In 1958 the National Cotton Council (NCC), which is composed of a group of 
cotton producers, developed a resolution that called for increasing research to provide the 
technology needed to eliminate the boll weevil as a cotton pest in the United States.   
Three strong influences existed at the time that was favorable to initiation and 
progression toward conceiving a strategy, developing effective tactics, and implementing 
a program to eradicate the boll weevil.  The focal points for these influences were (1) a 
great science leader and spokesman, E. F. Knipling; (2) a strong producer group, the 
NCC; and (3) an attentive and sympathetic U.S. Congress (Dickerson et al., 2001).  These 
influences, working with and through a range of policy officials in USDA, were major 
forces in mustering the resources needed for the pilot tests and trials that preceded boll 
weevil eradication programs.  To further show support of the eradication effort, the 
Agriculture and Consumer Protection Act of August 10, 1973, Section 611 (US Congress 
1973) established “elimination of the boll weevil” as a matter of national policy.  It 
authorized and directed the USDA Secretary to carry out certain cotton pest elimination 
programs.   
 By the mid 1970’s, after many years of government-subsidized research, a trial 
eradication experiment was to take place in Virginia and North Carolina.  If successful, 
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the experiment would expand and become a comprehensive eradication program that 
would be supervised by the federal government.  For this trial, USDA insisted on the 
states bearing a share of the costs resulting in a 25-25-50 ratio for USDA, the states and 
the producers respectively (NCC, 1981).  Before federal financial support for eradication 
programs could be obtained, the state(s) involved were required to provide the necessary 
enabling legislation.  This included 1) the identification and establishment of an official 
grower organization representing the cotton producers within the proposed eradication 
area; 2) grower passage of a referendum requiring the mandatory participation of the 
cotton producers, and 3) necessary state regulatory authority to conduct program 
activities (Dickerson et al., 2001).  Further, before the trial could take place in North 
Carolina, the state’s law allowing the trial to take place had to be approved by two-thirds 
of the state’s growers in a referendum.  In 1976, an eradication referendum was held in 
North Carolina, and passed with a 76 percent favorable vote.  The trial began in 1978, 
ended in 1980, and was a success.  Growers in the trial area enjoyed 60 to 90 percent 
reductions in the number of foliar insecticide applications.  A post-eradication program 
for the trial area was voted on in 1982, and passed with 91 percent of the growers in 
favor.  It was time to expand beyond the trial area and Congress agreed to fund 30 
percent of the expanded program.  The growers would have to pay the remaining 70 
percent.   
         Into the 1990’s, although federal appropriations were still available, because the 
consensus was to complete eradication throughout the cotton belt as quickly as possible, 
huge acres would potentially be coming into the program and, the current appropriations 
would not amount to the 30 percent federal cost-share previously enjoyed by participants.  
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Producer groups and producer interest organizations were asked to put in writing their 
support for eradication and to express their desire for additional funding for an 
accelerated eradication program.  Endorsements from more than 50 organizations were 
received.  Despite these efforts, federal cost-share funds were still much less than the 30 
percent requested and by 1999 amounted to less than five percent.  As growers began 
assuming a larger portion of the total cost, the NCC began working with contacts on 
Capitol Hill to explore the option of developing a federally based loan or revolving fund 
to enable producers participating in an eradication program to finance costs at a lower 
interest rate and at a longer repayment period.  In 1997, Congress authorized the Farm 
Service Agency (FSA) to make low interest loans to grower organizations involved in 
boll weevil eradication.  The last couple of years have seen an increase in funding for boll 
weevil eradication, funding that has approached 30 percent. 
          The Animal and Plant Health Inspection Service (APHIS) has been the agency 
within USDA to coordinate and support the eradication programs throughout the nation.  
APHIS’s mission is to protect America’s animal and plant resources by safeguarding 
these resources from exotic invasive pests and diseases, monitoring and managing pests 
and diseases existing in the U.S., resolving trade issues related to animal and plant health, 
and ensuring the humane care and treatment of animals (USDA, 2002).  Because 
quarantine issues are also addressed by APHIS, portions of APHIS personnel are 
permanently stationed at points of entry into the U.S.  Just recently, Congress passed 
legislation creating the Department of Homeland Security and the border inspection 
functions of USDA/APHIS are now part of the Homeland Security Department.  It is yet 
unknown how this will affect budget appropriations. 
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  As eradication of the boll weevil from all cotton acreage in the United States 
nears, it is necessary that the investment made by cotton producers, state governments, 
and USDA, and the benefits realized (both economic and environmental) be protected by 
preventing the re-introduction of the boll weevil from Mexico, Central and South 
America into the U.S.  At its 2000 Annual Meeting held in Wilmington, Delaware, the 
National Plant Board (NPB) adopted “Resolution 2 - Federal Cotton Boll Weevil 
Quarantine”, urging the Plant Protection and Quarantine (PPQ) section of USDA-APHIS 
to promulgate and enforce appropriate federal cotton boll weevil quarantine restrictions 
and to provide the funding necessary for support of future support and enforcement.  Re-
introduction of the boll weevil to eradicated areas would result in costly spot eradication 
projects and pose a direct risk to cotton producers.  Enactment of federal quarantines are 
justified because: 
·           Federal quarantines enable foreign and domestic appropriate point of origin 
regulatory action; 
· Existing state quarantines are inconsistent and coordination between regional 
eradication organizations is minimal; 
·           States have varying abilities to monitor the movement of regulated articles; 
· The USDA is positioned and has the capacity for timely and effective action when 
violations are found; 
· The adverse consequences of cotton boll weevil re-introduction are more serious 
now that the pest has been eradicated in large areas; and 
·           United States cotton organizations and producers and federal and state 
governments have invested substantial resources for eradication programs. 
[National Plant Board, 2000] 
The National Plant Board has asked the USDA to begin work on developing a plan for 
nation-wide boll weevil quarantine.  This work has begun and there is also some 
discussion regarding the provisions of funding a nation-wide boll weevil eradication 
maintenance programs.   
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Environmental Assessment 
 Yield losses attributed to the boll weevil, the costs of insecticide control, 
environmental considerations, intensification of secondary insect pest problems and 
insect resistance have all resulted in an aggressive effort to develop a beltwide strategy 
for controlling the boll weevil in the United States (NRC, 1981).  USDA-APHIS provides 
direct supervision and leadership for boll weevil control programs.  Therefore, in 
accordance with the procedural provisions of the National Environmental Policy Act 
(NEPA) of 1969, 42 U.S.C. Sections 4321-4347, APHIS prepared environmental 
assessments (EAs) in 1988 for the Southeast Boll Weevil Eradication Program in 
Alabama, Florida, Georgia, and South Carolina; for the Southwest Boll Weevil 
Eradication Program in Arizona and California in 1988; for the Boll Weevil Suppression 
Program in Mexico in 1988; and for the West Texas Boll Weevil Containment Program 
in 1986.  APHIS determined that these programs would not have a significant impact on 
the human environment (USDA-APHIS, 1991).  Even with this determination resulting 
from the EAs, the possibility that implementation of an eradication program across the 
entire cotton belt might have a significant impact on the environment led to a decision to 
prepare a programmatic Environmental Impact Statement (EIS) which, in part, describes 
the environment that may be affected by the National Boll Weevil Cooperative Control 
Program and discusses the potential environmental consequences of implementing any of 
the program alternatives and included detailed human health and nontarget species risk 
analyses. 
 In the record of decision for the national program, APHIS committed to prepare 
site specific EAs, tiered to the programmatic EIS, as necessary.  In these site specific 
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EAs, APHIS analyses the potential effects of boll weevil control alternatives (including 
No Action) and considers characteristics and issues that may be special or unique to the 
area being assessed.  APHIS program officials indicate that the proposed action (beltwide 
eradication) is needed to (1) reduce agricultural losses suffered by growers as a result of 
continuous boll weevil infestation, (2) substantially reduce the amount of pesticides used 
by growers and the cost of purchasing and applying those pesticides to control boll 
weevil and other cotton pests, (3) maintain the biological integrity and efficacy of the 
national program to eradicate the boll weevil, (4) maintain the long-term biological 
diversity in and around cotton fields and (5) comply with relevant pest control statutes 
and regulations (USDA-APHIS, 1999). 
 The programmatic EIS analyzes in detail, three broad program alternatives: No 
Action (that is, current grower practices with no APHIS action), beltwide eradication of 
the boll weevil, and beltwide suppression of the boll weevil.  Commenters recommended 
these alternatives during the scoping process for the EIS.  Of the three alternatives, 
APHIS, after much consideration, determined that beltwide eradication of the boll weevil 
(full federal involvement) using integrated control techniques would be the preferred 
alternative.  Selected control methods for use in the beltwide eradication alternative 
include (USDA-APHIS, 1991): 
Cultural Control 
 
Cultural control involves modifying the crop environment to make it less favorable for 
pest reproduction and survival (DeBach, 1974).  Cultural methods currently used in boll 
weevil control include: 
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· “Short-season” techniques of cotton production, which involve growing short-
season cotton varieties and manipulating planting and harvesting dates; 
· Post-harvest stalk destruction, with prohibitions against cultivation of perennial 
cotton; 
· Limited use of trap cropping; 
· Crop rotation; 
· Voluntary limit on cotton production on sites adjacent to sensitive areas or 
difficult-to-treat fields. 
 
Mechanical (or Physical) Control 
 
Mechanical control by mass trapping involves using the species-specific sex attractant 
and aggregation pheromone produced by the adult male boll weevil, which is attractive to 
both adult females and other adult males.  This boll weevil pheromone aids the female in 
finding mates and serves as a “tracer” to assist other males in finding cotton for feeding. 
Sterile Insect Technique 
 
The sterile insect technique involves the rearing, sterilization, and release of sterile 
weevils into fertile weevil populations.  The sterile weevils mate with the wild (fertile) 
weevils, resulting in production of nonviable eggs. 
Chemical Control 
 
Under the chemical control method, insecticides are used to control the boll weevil 
population in cotton-growing areas.  Fifteen pesticides have been analyzed for program 
use by the United States Environmental Protection Agency (EPA):  azinphos-methyl, 
bifenthrin, cyfluthrin, lambdacyhalothrin, cypermethrin, deltamethrin, dicrotophos, 
diflubenzuron, endosulfan, esfenvalerate, malathion, methyl parathion, oxamyl, 
tralomethrin, or zeta-cypermethrin (USDA-APHIS, 1999). 
Of these four control methods, the sterile insect technique is the only method that 
is not being used because it is neither efficacious nor cost-effective over the entire 
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program area.  The other three methods have been and currently are being used over the 
entire program area in some form or fashion. 
Another part of the EIS considers threatened or endangered species.  Section 7 of 
the Endangered Species Act (ESA) of 1973 requires Federal agencies to consult with the 
Fish and Wildlife Service (FWS) or the National Marine Fisheries Service (NMFS) to 
ensure that any action authorized, funded, or carried-out is not likely to jeopardize the 
continued existence of a listed species or result in the destruction or adverse modification 
of its critical habitat (16 U.S.C. 1536 (a)(2)).  APHIS has consulted with FWS, as 
required by the ESA, and FWS determined that 198 threatened, endangered, or proposed 
species are present within United States cotton-producing counties.  Accordingly, APHIS 
has prepared a biological assessment for all states involved in the National Boll Weevil 
Cooperative Control Program to identify how these species might be affected by program 
activities and developed measures to protect these species from potential adverse effects 
from treatments (USDA-APHIS, 1991). 
Environmental Monitoring 
 Ultra Low Volume (ULV) malathion is used to eradicate the boll weevil.  This 
formulation of malathion is 96.5 percent malathion and is applied at a rate of 10 to 16 
ounces per acre.  ULV malathion is used because it works well against weevils, and does 
not last long in the environment.  It is the least toxic of the organophosphate class of 
pesticides (USDA-APHIS, 2001b).  It has been called the perfect insecticide for a control 
program of the size of current boll weevil eradication programs.  Its low mammalian 
toxicity makes it safe for workers to use and it has a high level of control efficacy for the 
boll weevil and a good residual life on dry cotton plants.  In addition, no resistance has 
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developed by the target insect (Jones, 2001). Comprehensive risk assessments that 
evaluate the way malathion is used in APHIS cooperative programs indicate little to no 
effects on non-target organisms.  Years of environmental monitoring conducted in 
conjunction with APHIS programs confirm that if ecological effects occur, they are 
minimal, limited in duration, and confined to treatment areas (USDA-APHIS, 2001a). 
However, to ensure compliance with NEPA, ESA and APHIS policy, an 
Environmental Monitoring Plan (EMP) for application of ULV malathion is prepared by 
APHIS and is distributed to each active eradication program for implementation.  With 
regard to human health, USDA-APHIS (2002) lists the objectives of monitoring for 
potential human exposure as being: 
1. Demonstrate the effectiveness of Boll Weevil Eradication (the Program) 
operational procedures to exclude or minimize exposure of the public to Program-
applied malathion; 
2. Collect data which can be used to evaluate whether the assumptions used in the 
EA for each state are valid estimates of potential exposure of the public to 
Program-applied malathion by: 
a. monitoring for aerial spray drift using dye cards to investigate the overall 
potential for exposure and  
b. testing crops and water bodies that might be used for human consumption 
to investigate the potential for exposure to malathion through ingestion; 
3. Assure that quality assurance and quality control procedures were followed; 
4. Conduct additional monitoring to investigate any Program-related complaints or 
reports of adverse effects on public health, worker safety, environmental quality, 
or non-target species. 
 
Contained within the EMP are detailed instructions with regard to methods used to 
accomplish these objectives. 
 The EMP further requires monitoring near endangered and threatened (E&T) 
species habitat to evaluate the effectiveness of established protection methods.  
Additionally, each program must each year reassess the presence of E&T species and 
their habitats.  As with human health, detailed instructions on E&T inventory methods 
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and methods for monitoring for drift, monitoring for run-off, monitoring for water and 
monitoring by observation and field notes are included in the EMP. 
 In addition to the prescribed environmental monitoring, the Louisiana Boll 
Weevil Eradication Program requires aerial contractors to use Global Positioning System 
(GPS) technology for guidance and data recording of all malathion applications to cotton 
fields.  Satellite mapping of all cotton fields is also required, which allows program 
personnel to overlay flight paths onto field maps to ensure accurate and uniform 
placement of malathion onto cotton fields.  As an example, Figure 3 shows a GPS- 
generated map of an irregular cotton field layered onto a background map containing 
water-body locations in and around the field.  Figure 4 is the actual flight path of an 
aircraft that applied malathion to that field.  The red lines in the flight path indicate areas 
where the spray was turned on, while the yellow lines in the flight path indicate areas 
where the spray was off.  Figure 5 is an overlay of the actual flight onto the field map.  
As the overlay indicates, the application of malathion was contained within the field 
borders without contamination of the water-bodies.  The availability of this technology 
allows eradication programs nation-wide to review aerial application within their 
program area within minutes of an application being made.  This overlay was sent to 
USDA by the Louisiana Department of Agriculture and Forestry-Boll Weevil Eradication 
Program and presented as evidence before an EPA House Subcommittee evaluating the 
use of malathion in eradication programs. 
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  N 
 
   Figure 3.  Global Positioning System (GPS)-Generated Map of Cotton Field.  Green 
   areas are cotton fields mapped using hand-held GPS recording units layered onto a  
   background map containing water-body locations (shown in blue) in and around the 
   fields.  This overlay was produced using ArcView version 8.0 software.   
   Source: Louisiana Department of Agriculture and Forestry (LDAF). 
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 Figure 4.  GPS Flight-Path Recording of Malathion Application using Wag software.   
 Red lines indicate area within flight path where spray is on.  Yellow lines in the flight  
 path indicate area where spray is off.  Source: Louisiana Department of Agriculture and  
 Forestry (LDAF). 
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 Figure 5.  Overlay of Flight Recording onto Cotton Field Map.  Red lines indicate area  
 within flight path where spray is on and yellow lines in the flight path indicate area 
 where spray is off.  Green areas are cotton fields mapped using hand-held GPS recording 
 units layered onto a background map containing water-body locations (shown in blue) in 
 and around the fields.  This overlay shows eradication program compliance in containing 
malathion applications within field borders without contaminating water-bodies.   
Source: Louisiana Department of Agriculture and Forestry (LDAF). 
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 Extreme care is taken to ensure that schools, hospitals, nursing homes and other 
sensitive locations are identified before any spraying takes place, and when cotton fields 
around these sites are treated, ground equipment is frequently used to minimize potential 
drift.  Spraying does not occur while children are in school and all spraying is halted if 
wind velocities reach or exceed 10 miles per hour. 
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MATERIALS AND METHODS 
Sample Data 
Usage data for insecticides used on cotton in Louisiana which are classified as 
Restricted Use Pesticides (RUP) were obtained from surveys conducted by the United 
States Department of Agriculture’s National Agricultural Statistics Service (USDA-
NASS), for the years 1991 through 2003, to compare the total amount of restricted use 
pesticide (RUP) used on cotton before eradication and during eradication.  The Federal 
Insecticide, Fungicide, and Rodenticide Act (FIFRA), when classifying pesticides, states, 
in part, “If the Administrator determines that the pesticide, when applied in accordance 
with its directions for use, warnings and cautions and for the uses for which it is 
registered, …… may generally cause, without additional regulatory restrictions, 
unreasonable adverse effects on the environment, including injury to the applicator, the 
Administrator shall classify the pesticide, or the particular use or uses to which the 
determination applies, for restricted use” ( 7 U.S.C. Section 136a (d)(1c)).  Although not 
classified as a restricted use pesticide, data for malathion is included in this study since it 
is the insecticide of choice for boll weevil eradication.  The usage data lists the chemical 
name of the insecticide applied each year and gives the percent of cotton acreage applied, 
number of applications, rate of active ingredient (a.i.) applied, total rate of a.i. for the 
crop and the total number of pounds a.i. used for year for each insecticide (Appendix A).  
A graphical representation of some of these insecticides and their total use for each year 
is shown in Figures 6 through 9.   
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Figure 6.  Chemical Use Data: Log10 Total Lbs. active ingredient for three selected restricted use 
insecticides showing no significant change comparing use before eradication (1991-1998) and 
during eradication (1999-2003). 
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Figure 7.  Chemical Use Data: Log10 Total Lbs. active ingredient for two of the seven restricted 
use insecticides showing a significant change comparing use before eradication (1991-1998) and 
during eradication (1999-2003). 
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Figure 8.  Chemical Use Data: Log10 Total Lbs. active ingredient for two of the seven restricted 
use insecticides showing a significant change comparing use before eradication (1991-1998) and 
during eradication (1999-2003). 
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Figure 9.  Chemical Use Data: Log10 Total Lbs. active ingredient for three of the seven restricted 
use insecticides showing a significant change comparing use before eradication (1991-1998) and 
during eradication (1999-2003). 
 
Toxicological and ecological values for each insecticide in the study were 
obtained from the Extension Toxicology Network (EXTOXNET), the National 
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Pesticide/Soils Database developed by the USDA Agricultural Research Service and Soil 
Conservation Service (USDA-ARS-SCS), and from the Agency for Toxic Substances and 
Disease Registry / Center for Disease Control (ATSDR-CDC).  Material Safety Data 
Sheets were also used (C&P Press Greenbook) and missing values were obtained from 
North Carolina State University (NCSU).  Appendix B shows these values along with the 
class of each insecticide.  Table 1 provides a brief definition and explanation for each 
category of values as they relate to toxicity and environmental influence, mobility and 
degradation contained in Appendix B.  For reference, table 2 shows the comparative 
toxicity of pesticides and natural products.   
Table 1.  Definition and explanation of toxicological values, ecotoxicological values plus 
environmental data.  Source: Extension Toxicology Network 
Acute LD50 The amount of a chemical that is lethal 
to one-half (50%) of the experimental 
animals from a single or short-term 
exposure.  Expressed as the weight of 
the chemical per unit of body weight 
(mg/kg).  For honeybees expressed in 
micrograms per bee (µg/bee). 
The lower the value of LD50, the more 
toxic the chemical. 
LC50/ 96 hr. The concentration of a toxicant 
necessary to kill 50 percent of the 
organisms in a 96 hour test.  Expressed 
in mg/l or ppm.  
As with the LD50, the lower the value 
of LC50, the more toxic the chemical. 
Solubility The concentration of a substance that 
dissolves in a given solvent (in this 
study, water), measured in mg/l.   
HIGH SOLUBILITY: readily 
dissolves therefore susceptible to 
leaching to groundwater.   
LOW SOLUBILITY: does not dissolve 
well therefore adheres to solid matter 
(soil or foliage) and susceptible to 
distribution by runoff. 
Soil Adsorption Coefficient (Koc) A measure of a material’s tendency to 
adsorb (adhere) to soil particles.  This 
measure is the ratio of the mass of a 
pesticide adsorbed per unit mass of 
soil to the mass of the pesticide 
remaining in solution @ equilibrium.   
Koc=  conc. adsorbed /conc. dissolved 
             % organic carbon in the soil 
 
HIGH KOC: indicate a tendency for the 
material to be adsorbed by soil rather 
than remain dissolved in the soil 
solution, therefore less potential for 
leaching to groundwater. 
 
                                                                                                                      (Table1 cont’d.) 
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Henry’s Law Constant (Hc) 
 
A parameter used in evaluating air 
exposure pathways, indicating the 
likelihood of a pesticide to volatize as 
a function of its vapor pressure, 
molecular weight, and solubility.   
 
Hc= vapor pressure x mole. wt.
                    solubility 
The lower the value of Hc, the greater 
the potential for leaching to 
groundwater. 
Octanol–water Partition 
Coefficient (Kow) 
A measure of how a chemical is 
distributed @ equilibrium between 
octanol and water.  The ratio of the 
concentration of a chemical in octanol 
and water often used in the assessment 
of environmental fate and transport for 
organic chemicals. 
Chemicals with high Kow values are 
oil-soluble and tend to accumulate in 
fatty tissue. 
Chemicals with low Kow values are 
water soluble. 
Half-Life The time required for half of the 
chemical residue to lose its analytical 
identity whether through dissipation, 
decomposition, metabolic alteration or 
other factors. 
The longer the half-life, the greater the 
length of time the pesticide remains in 
the soil and, hence, the greater the 
opportunity to leach or to be 
transported by runoff. 
 
 
Table 2.  Comparative Toxicity of Pesticides and Natural Products.  LD50 measured 
dose is in milligrams (mg) active ingredient per kilogram (kg) of body weight. 
Source: Texas A&M University, Texas Agricultural Extension Service 
PESTICIDE LD50 (Rat) in 
mg/kg 
Other Product With About Equal 
Toxicity 
TCDD (Dioxin®) 0.0002 Ricin, pure (castor bean extract) 
Flocoumafen (Storm®) 0.25 Strychnine 
Sarin (GB nerve gas) 0.2 Black widow spider venom 
Aldicarb (Temik®) 0.9 Nicotine alkaloid (free base) 
Phorate (Thimet®) 1.0 Heroin 
Parathion 2.0 Morphine 
Carbofuran (Furadan®) 8 Codeine 
Nicotine sulfate(Black leaf 40®) 50 Caffeine 
Paraquat (Gramoxone®) 150 Benadryl (antihistamine) 
Carbaryl (Sevin®) 250 Vitamin A 
Acephate (Orthene®) 833 Salt substitute (KCl) 
Allethrin (Pynamin®, Raid®) 1,160 Gasoline 
Diazinon 1,250 Tobacco 
Malathion 5,500 Caster oil 
Ferbam (fungicide) 16,900 Mineral oil 
Methoprene (Altosid®, Precor®) 34,600 Sugar 
Pheromones (Checkmate®) 103,750 Water 
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Data Analysis 
 
In order to determine if there was any significant change in insecticide use, the 
total insecticide use data for each year and insecticide in Appendix A were analyzed by 
performing a nonparametric analysis of the years prior to and during eradication.  Prior to 
conducting this analysis, an attempt was made to separate the available data set into a 
data set for the Red River parishes and a data set for the Northeast parishes because of the 
two-year difference in program participation.  Consultation with personnel with USDA-
NASS in Washington, D.C, indicated that a data set that would isolate insecticide use in 
the Red River parishes would be too small, given the small number of cotton producers 
interviewed each year and the low number of acres in that region.  Therefore, the data had 
to be left in its current format (statewide totals), and the data from 1991 through 1998 
were classified as ‘Before’ eradication and 1999, 2000, 2001 and 2003 as ‘During’ 
eradication (National Agricultural Statistics Service (NASS) did not conduct a survey in 
2002).  The Wilcoxon rank-sums test was used to provide a summary of scores for the 
analysis variable Total Insecticide for the two class levels of treatment (Before 
eradication and During eradication).  A one-way analysis of variance (ANOVA) statistic 
is computed in this procedure which, for Wilcoxon scores, is known as the Kruskal-
Wallis test. In addition, this procedure provides a p-value under the normal 
approximation.  Because of differences in p-values between the normal approximation 
and the Kruskal-Wallis test, the Exact Wilcoxon Two-Sample Test was run.  The 
EXACT option requests the exact p-values. 
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Index of Toxicity and Environmental Values 
 To simplify interpretation of the data presented in Appendix B, and rank the 
toxicological and ecotoxicological values and environmental influence of each 
insecticide, a method of proportional scoring was done.  This proportional score, also 
known as a utility score, was calculated using a formula, which Clemen et al. (2001) 
gives: Ui(x)=X-worst / best-worst: where, Ui(x) is the utility score for a given insecticide; 
X is the toxicity or environmental value for that insecticide; worst is the most toxic or 
environmentally harshest insecticide of the group; and best is the least toxic or 
environmentally friendliest insecticide of the group.  The result is each insecticide 
scoring between 0 and 1, with 0 being the worst and 1 being the best of the insecticides 
relative to each other (Appendix C).  Once the utility scores were calculated, the scores 
were subtracted from 1 to reverse this ranking and establish an index (Inx) of toxicity and 
environmental values (Inx = 1-Ui(x)), resulting in1 would being the worst and 0 being the 
best.  The toxicological and environmental indexes for each insecticide are then 
multiplied by the total insecticide used each year for each insecticide resulting in a factor 
(F(z)),where F is the factor of insecticide z (Appendix D).  Included in Appendix D is the 
sum of these factors for each year.   
Calculation of Impact Quotients 
Although some studies group these insecticides into low, medium, or high toxicity 
categories, the toxicity of each insecticide and the effect on each environmental factor is 
not categorized in this study.  Instead, because the array of RU insecticides used in cotton 
in this study is limited to the 23 listed, the index is used as is to show the toxicity of each 
insecticide and the effect on each environmental factor on a scale of 0 to 1 relative to 
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each other.  To further organize and simplify the indexes and data, and show trends over 
time, a type of impact quotient (IQ) model derived from Kovach et al. (2004) was used.  
Once the factors for each insecticide (F(z)) were calculated by multiplying the total 
number of pounds a.i. of each insecticide each year by the index for each insecticide,  the 
factors for each measure of toxicity and environmental influence were added for each 
year resulting in a sum of factors (∑ F(z)) for Oral LD50, Dermal LD50, Fish LC50, 
Avian LD50, Honeybee LD50, Solubility, Soil Adsorption Coefficient (Koc), Henry’s 
Law Constant (Hc), Octanol-water Partition Coefficient (Kow) and Half-Life.  Impact 
Quotients for mammalian toxicity, ecotoxicity and environmental influence were then 
calculated as follows: mammalian toxicological impact quotient (MTIQ) for each year 
equals the sum of factors (∑ F(z)) of the Oral LD50 plus the sum of factors (∑ F(z)) of 
the Dermal LD50; ecotoxicological impact quotient (EcoIQ) for each year equals the sum 
of factors (∑ F(z)) of the Fish LC50, plus the sum of factors (∑ F(z)) of the Avian LD50, 
plus the sum of factors (∑ F(z)) of the Honeybee LD50; environmental impact quotient 
(EnvIQ) for each year equals the MTIQ, plus the EcoIQ, plus the sum of factors (∑ F(z)) 
of Solubility, plus the sum of factors (∑ F(z)) of Koc, plus the sum of factors (∑ F(z)) of 
Henry’s Law Constant, plus the sum of factors (∑ F(z)) of Kow, plus the sum of factors 
(∑ F(z)) of Half-Life.  Table 3 shows a summary of these calculations. 
Table 3.  Impact Quotient Calculation 
Mammalian Toxicological Impact 
Quotient 
MTIQ 
Ecotoxicological Impact 
Quotient 
EcoTIQ 
Environmental Impact 
 Quotient 
EnvIQ 
Oral LD50 ∑ F(z) + Dermal 
LD50 ∑ F(z) 
Fish LC50 ∑ F(z) + Avian 
LD50 ∑ F(z) + Honeybee 
LD50 ∑ F(z) 
MTIQ + EcoIQ + Solubility ∑ 
F(z) + Koc ∑ F(z) + Hc ∑ F(z) 
+ Kow ∑ F(z) + Half-Life ∑ 
F(z) 
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RESULTS 
Wilcoxon Two-Sample Test 
 The Wilcoxon Two-Sample Test provides analysis of data within two classes of 
treatment: before eradication (1991-1998) and during eradication (1999-2003).  Of 
interest was whether or not there has been a significant change in the use of RUPs from 
the time leading up to eradication and the time during eradication.  Initially, p-values 
from the Kruskal-Wallis test and the normal approximation resulted in 8 of the 23 
insecticides showing a significant change in the total amount of insecticide used for the 
two classes of treatment.  When the EXACT option was run to calculate the exact p-
values, the result was the exclusion of carbofuran and esfenvalerate from the list, and the 
addition of dicrotophos to the list resulting in 7 of the 23 insecticides showing a 
significant change (p-value < .05) in the total amount of insecticide used.  We see in table 
4 that the use of the insecticides dicrotophos and malathion increased significantly, while 
the use of cyfluthrin, lambdacyhalothrin, methyl parathion, oxamyl and profenofos 
decreased significantly. 
Impact Quotients (Insecticides with No Significant Change in Use) 
 Shown graphically are the three impact quotients, MTIQ (Figure 10), EcoTIQ 
(Figure 11), and EnvIQ (Figure 12).  Within each figure are graphs representing the 
respective quotients for all insecticides in the study, insecticides showing a significant 
change in use, and those insecticides that showed no significant change in use.  It is noted 
that, for all three impact quotients, the insecticides with no significant change in use had 
little effect on the magnitude of each quotient for all the insecticides.  In 1991 the use of 
aldicarb alone signifies the initial high point in the quotients for insecticides with no  
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Table 4.  Results from Wilcoxon Two-Sample Test (Insecticides w/ significant difference).   
The Mean Score is the average rank of the observations. 
Wilcoxon Rank-Sum Test  
(Exact option) 
 
Insecticide Trtmt.         N      Mean      Sum of     Statistic     Exact 
                              Score      Scores          (S)         p-value           
Cyfluthrin 
 
 
 
Dicrotophos 
 
 
 
Lambdacyhalothrin 
 
 
 
Malathion 
 
 
 
Methyl Parathion 
 
 
 
Oxamyl 
 
 
 
Profenofos 
 
Before         8        8.062        64.5                          
During         4        3.375        13.5                                               
Total           12                                         13.5      Pr <= S  .0162 
 
Before         8        5.125        41.0                          
During         4        9.250        37.0                                               
Total           12                                         37.0      Pr >= S  .0364 
 
Before         8        8.500        68.0                          
During         4        2.500        10.0                                               
Total           12                                         10.0      Pr <= S  .0020 
 
Before         8        4.625        37.0                          
During         4        10.25        41.0                                               
Total           12                                         41.0      Pr >= S  .0040 
 
Before         8        8.375        67.0                          
During         4        2.750        11.0                                               
Total           12                                         11.0      Pr <= S  .0040 
 
Before         5        5.800        29.0                          
During         3        2.330        7.00                                               
Total            8                                          7.00      Pr <= S  .0357 
 
Before         6        7.500        45.0                          
During         4        2.500        10.0                                              
Total           10                                         10.0      Pr <= S  .0048 
                     
 
significant change in use.  The use of a greater number of these insecticides caused an 
increase in each impact quotient from 1993 (5) to 1994 (9), and the largest influence was 
on the EcoTIQ.  The use of these insecticides remained relatively flat from 1996 to 1999 
then, in 2000, the use of carbofuran, methamidophos, and phorate increased.  This 
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increase coincides with the first full season of eradication in the northeast part of the state 
and the large amount of malathion used which caused some increase in secondary insect  
pressure.  After 2000, when the use of malathion began to decline, the use of these 
insecticides also began to decline.   
Mammalian Toxicological Impact Quotient (MTIQ) 
 After its lowest point in the study in 1991, the MTIQ began to increase in 1992 
and peaked in 1994.  This was due to a three-fold increase in the use of cyfluthrin and 
methyl parathion, a nearly two-fold increase in the use of dicrotophos, and a five-fold 
increase in the use of lambdacyhalothrin. The safest of these insecticides has an Oral 
LD50 index of .88262 and a Dermal LD50 index of .70540, which amplified the MTIQ 
from 1992 through 1994.  After a decline in the MTIQ in 1995 and 1996, a gradual 
increase is noted in 1997 and 1998 due to an increase in the use of methyl parathion and 
the beginning of the eradication program in the Red River parishes, in which malathion 
was used.  Malathion has an Oral LD50 index of 0 and Dermal LD50 index of .70540.  
1999 marked the beginning of the eradication program in the northeast part of the state 
which increased malathion use almost five-fold over that in 1998, from 649,000 pounds 
to 3,143,000 pounds.  Even with malathion use increasing to 4,155,000 pounds in 2000, 
with a decline in methyl parathion use from 678,000 pounds in 1999 to 50,000 pounds in 
2000, the MTIQ peaked in 1999 and a downward trend began in 2000.  With increased 
use of dicrotophos, cyfluthrin, and methyl parathion in 2001, decreased malathion use 
allowed the downward trend to continue into 2003 when a decrease in the use of six of 
these seven insecticides is noted.  At its highest point in 1999, the MTIQ for all the 
insecticides is well below that of 1994. 
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Figure 10.  Mammalian Toxicological Impact Quotient (MTIQ = Oral LD50 Σ F(z) +  
Dermal LD50 Σ F(z)) for each year in study comparing all insecticides in study, and  
insecticides that showed a statistically significant change in use and insecticides that  
showed no statistically significant change in use with a 95 percent confidence level  
from years before eradication (1991-1998) and years during eradication (1999-2003). 
                                                                                                             (Figure 10 cont’d.) 
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Ecotoxicological Impact Quotient (EcoTIQ) 
 After its lowest point in the study in 1991, the EcoTIQ began to increase in 1992 
and peaked in 1994.  This was due to a three-fold increase in the use of cyfluthrin and 
methyl parathion, a nearly two-fold increase in the use of dicrotophos, and a five-fold 
increase in the use of lambdacyhalothrin. The safest of these insecticides has a Fish LC50 
index of 0, an Avian LD50 index of .75002, and a Bee LD50 index of .97564.  After a 
decline in the EcoTIQ in 1995 and 1996, a moderate increase is noted in 1997 and 1998 
due to an increase in the use of methyl parathion, which has a Fish LC50 index of .99963, 
an Avian LD50 index of .99953, and a Bee LD50 index of 1, and the beginning of the 
eradication program in the Red River parishes, which increased malathion use.  The Fish 
LC50, Avian LD50, and Bee LD50 indexes for malathion are .99998, .98003, and .97856 
respectively.  With 1999 marking the beginning of the eradication program in the 
northeast part of the state, increased malathion use from 1998 to 1999 caused a 
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tremendous increase in the EcoTIQ.  Even with a 92 percent reduction in the use of 
methyl parathion from 1999 to 2000, the increased malathion use in 2000 elevated the 
EcoTIQ to its highest level since 1994.  Although the use of dicrotophos, cyfluthrin, and 
methyl parathion increased in 2001, a 66 percent reduction in the use of malathion in 
2001 caused a rate of decline in the EcoTIQ of greater magnitude than the rate of increase 
in 1999.  This decline in the EcoTIQ continued into 2003 when a decrease in the use of 
six of these seven insecticides, especially malathion, is noted.  At its highest point in 
2000, the EcoTIQ for all the insecticides is approximately 1.4 times that of 1994. 
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Figure 11.  Ecotoxicological Impact Quotient (EcoTIQ = Fish LC50 Σ F(z) + Avian LD50 
Σ F(z) + Bee LD50 Σ F(z)) for each year in study comparing all insecticides in study, and  
insecticides that showed a statistically significant change in use and insecticides that  
showed no statistically significant change in use with a 95 percent confidence level  
from years before eradication (1991-1998) and years during eradication (1999-2003). 
                                                                                                            (Figure 11 cont’d.) 
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Environmental Impact Quotient (EnvIQ) 
 After its lowest point in the study in 1991, the EnvIQ began to increase in 1992 
and peaked in 1994.  This was due to a three-fold increase in the use of cyfluthrin and 
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methyl parathion, a nearly two-fold increase in the use of dicrotophos, and a five-fold 
increase in the use of lambdacyhalothrin. The safest of these insecticides has a Solubility 
index of 0, a Koc index of .50000, a Hc index of .98666, a Kow index of .00083 and a 
Half-Life index of .02877 in addition to the indexes described for the MTIQ and EcoTIQ.  
After a decline in the EnvIQ in 1995 and 1996, a moderate increase is noted in 1997 and 
1998 due to an increase in the use of methyl parathion and the beginning of the 
eradication program in the Red River parishes, with its corresponding increase in 
malathion use.  Methyl Parathion has an Oral LD50 index of .99792, a Dermal LD50 
index of .90273, a Fish LC50 index of .99963, an Avian LD50 index of .99953, a Bee 
LD50 index of 1, a Solubility index of 2.75E-05, a Koc index of .98251, a Hc index of 
.99992, a Kow index of 1 and a Half-Life index of .02877.  As we have seen previously, 
the malathion indexes for the Oral LD50, Dermal LD50, Fish LC50, Avian LD50, and 
Honeybee LD50 are 0, .70540, .99998, .98003 and .97856 respectively.  Additionally, the 
Solubility index, Koc index, Hc index, Kow index, and Half-Life index for malathion are 
7.41E-05, .99501, .99990, .00179 and 0 respectively.  The increase in the use of 
malathion for eradication in 1999 caused a substantial increase in the EnvIQ that year.  
Malathion use increased by more than one million pounds in 2000, causing the highest 
EnvIQ since 1994 despite a 92 percent reduction in the use of methyl parathion from 
1999 to 2000.  Even with increased use of dicrotophos, cyfluthrin, and methyl parathion 
in 2001, a 66 percent reduction in the use of malathion in 2001 caused the EnvIQ to 
decline at a rate, of greater magnitude than that of the increase in 1999 or 1994.  This 
decline in the EnvIQ continued into 2003.  At its highest point in 2000, the EnvIQ for all 
the insecticides was only slightly higher than that of 1994. 
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Figure 12.  Environmental Impact Quotient (EnvIQ = MTIQ + EcoTIQ + Solubility Σ 
F(z) + Koc Σ F(z) + Hc Σ F(z) + Kow Σ F(z) + Half-Life Σ F(z)) for each year in study 
comparing all insecticides in study, and insecticides that showed a statistically significant 
   change in use and insecticides that showed no statistically significant change in use with 
a 95 percent confidence level from years before eradication (1991-1998) and years during  
   eradication (1999-2003). 
                                                                                                                      (Figure 12 cont’d.) 
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DISCUSSION 
 It took only about thirty years for Anthonomus grandis Boheman, the cotton boll 
weevil, to make its trek across the south from Texas to Virginia.  Along the way, this 
non-indigenous insect destroyed the economies that were dependent upon cotton 
production.  Attempts to control this insect have been limited to chemical control 
methods that have caused tremendous environmental degradation.  It has been estimated 
that at least one third of all insecticides used in agriculture have been applied to cotton to 
control the boll weevil.  In areas where the boll weevil has been eradicated, cotton 
producers have seen the number of insecticide applications drop by 75 to 80 percent.  
This study evaluates the use of RUP before and during eradication, and the environmental 
influence of these insecticides. 
 The Wilcoxon Two-Sample Test established that, of the 23 insecticides in the 
study, only seven had a significant change in the total amount applied comparing use 
before eradication to use during eradication.  Of these seven, two showed a significant 
increase in use during eradication and five showed a significant decrease in use during 
eradication.  As would be expected, malathion, the insecticide used for eradication, was 
one of the two with increased use. 
 When calculating the impact quotients, all the toxicity and environmental indexes 
were given equal weight.  No one index was assumed to be more important or critical 
than another.  In addition, the utility scores for environmental influence (solubility, Koc, 
Hc, Kow) were calculated with the belief that an insecticide with low leaching potential 
is environmentally safer than one with a low potential to be transported by runoff.  If 
runoff is a concern, the indexes can be adjusted to reflect that concern.  In either case, 
 43
weight(s) can be assigned and the utility scores for environmental influence can be 
adjusted depending upon an individual’s geographic location, preference, needs etc. 
 The insecticides that showed no significant change in use had little effect upon 
any of the impact quotients.  However, these insecticides did have increasing impact 
quotients beginning in 1993 through 1994, before declining and remaining relatively flat 
until there was a slight increase in 2000.  The increase is more pronounced in the EcoTIQ 
and EnvIQ than in the MTIQ.   
 In the years prior to 1999, the insecticides that showed a significant change in use 
(malathion was not used until 1997) had higher EcoTIQ and EnvIQ values than MTIQ 
values.  These insecticides were more dangerous to the environment and ecology than to 
man.  The same can be said for malathion.  Primarily, the use of malathion, beginning in 
1997 through its peak use in 2000, is responsible for the increased impact quotients in 
those years.  It is evident that malathion has a low mammalian toxicity since the peak in 
1999 and 2000 remained below the previously high MTIQ seen in 1994.  The EcoTIQ 
and EnvIQ values show us that malathion has a high ecological toxicity and is 
environmentally slightly worse than the insecticides used in 1994. 
 The reduction in use of the five insecticides cyfluthrin, lambdacyhalothrin, methyl 
parathion, oxamyl and profenofos had little effect on the impact quotient results due to 
the increased use of malathion during eradication.  During eradication, methyl parathion 
use showed the greatest decline and after the second year of eradication, malathion use 
droped dramatically.  At that point, the MTIQ began to decline gradually, while the 
EcoTIQ and EnvIQ began a more pronounced, steeper decline.  It is expected that this 
downward trend in all three impact quotients will continue as complete eradication of the 
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boll weevil nears.  This would result in less malathion being used, allowing beneficial 
insect populations to build up and integrated pest management (IPM) techniques to be 
more effective in continuing the downward trend of insecticide use in cotton. 
 This study considered neither the impact of cotton varieties containing Bt 
(Bacillus thuringiensis) genetics nor the increased availability of insecticide chemistries 
that are more “target specific”, on RUP usage.  Future studies may include one or both of 
these technological advances and assess the progress we have made toward providing 
future generations with food, fiber, and an environment that is safer and exposed to fewer 
chemicals. 
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CONCLUSIONS 
 This thesis examines whether the environment has benefited from eradication of 
the boll weevil from cotton fields in Louisiana.  Although eradication is not yet complete 
across the entire state, a statistical analysis and toxicological and environmental 
assessment of all restricted use insecticides used in cotton indicates that benefits to the 
environment are being realized.   
 Malathion is not labeled as a RUP however, because of its low mammalian 
toxicity it has been the insecticide of choice in eradication programs and was included in 
this study.  The tremendous amount of malathion used during eradication accounts for the 
increase in the ecotoxicological and environmental impact quotients.  This increase is 
temporary for, as boll weevil numbers decline, so does the amount of malathion being 
used.  Subsequently, there has been a significant reduction in the amount of the 
insecticides cyfluthrin, lambdacyhalothrin, methyl parathion, oxamyl and profenofos 
applied during eradication.  The downward trend in the impact quotients is clearly 
evident and, as we approach complete eradication of the cotton boll weevil, it is expected 
that impact quotient values will settle and remain below those of 1991. 
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RECOMMENDATIONS 
 Results from the first eradication programs in the southeastern United States 
indicate that complete eradication of the boll weevil could be accomplished in three to 
five years.  The active phase of the eradication program is therefore expected to last five 
years.  The development and promotion of cotton varieties containing the Bt (Bacillus 
thuringiensis) genetics has reduced the amount of synthetic pyrethroid insecticides being 
applied, which, for programs initiated after 1996, means less incidental boll weevil 
control from producer sprays for bollworms and tobacco budworms.  This is one factor 
that has caused the eradication program’s added costs and has pushed the active phase 
beyond the five-year expectancy.  The promotion and planting of conventional cotton 
varieties (those without the Bt gene) during the active phase of eradication would 
enhance the effectiveness of the program and the amount of malathion being used would 
be reduced sooner and at a faster rate than is currently seen. 
 It was discovered that a single untreated acre of cotton provided a source of 
infestation for at least 1800 surrounding acres (Haney et al., 1996).  With this in mind, 
once eradication is complete, it is imperative that every effort be made to continue 
monitoring for boll weevils to prevent re-introduction and re-infestation.  Upon 
completion of eradication, continued monitoring in conjunction with the continued use of 
Bt technology and IPM would provide inexpensive and comprehensive ways to protect 
the investment made by the cotton producers and government agencies, while ensuring 
that accomplishments made to protect and enhance the environment continue. 
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APPENDIX A: CHEMICAL USE DATA 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Insecticide Use Data for Louisiana(USDA-NASS) 
════════════════════════════════════════════════════════════════════════════════════ 
Year  Insecticide   AreaApp%        Appls          Rate          RateCrop  TotThous 
1991  Aldicarb         28            1.0           0.53             0.53     128 
1992  Aldicarb         13            1.0           0.40             0.40      48 
1993  Aldicarb         25            1.1           0.48             0.52     116 
1994  Aldicarb         20            1.1           0.45             0.47      83 
1995  Aldicarb         17            1.0           0.43             0.43      80 
1996  Aldicarb         21            1.0           0.41             0.41      77 
1997  Aldicarb         38            1.2           0.55             0.65     153 
1998  Aldicarb         31            1.0           0.47             0.49      81 
1999  Aldicarb         29            1.0           0.54             0.54      96 
2000  Aldicarb         33            1.1           0.52             0.60     140 
2001  Aldicarb         35            1.0           0.46             0.47     144 
2002  Aldicarb          .            .             .                .          . 
2003  Aldicarb         23            1.0           0.53             0.53      65 
1991  Amitraz           0            0             0                0          0 
1992  Amitraz           0            0             0                0          0 
1993  Amitraz           0            0             0                0          0 
1994  Amitraz           9            3.0           0.14             0.43      35 
1995  Amitraz           0            0             0                0          0 
1996  Amitraz           0            0             0                0          0 
1997  Amitraz           0            0             0                0          0 
1998  Amitraz           0            0             0                0          0 
1999  Amitraz           0            0             0                0          0 
2000  Amitraz           0            0             0                0          0 
2001  Amitraz           0            0             0                0          0 
2002  Amitraz           .            .             .                .          . 
2003  Amitraz           .            .             .                .          . 
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Insecticide Use Data cont’d. 
════════════════════════════════════════════════════════════════════════════════════ 
Year  Insecticide   AreaApp%        Appls         Rate          RateCrop   TotThous 
1991  Azinphosmethyl    .            .             .                .          . 
1992  Azinphosmethyl    .            .             .                .          . 
1993  Azinphosmethyl    .            .             .                .          . 
1994  Azinphosmethyl    9            2.3           0.23             0.53      44 
1995  Azinphosmethyl    0            0             0                0          0 
1996  Azinphosmethyl    0            0             0                0          0 
1997  Azinphosmethyl    0            0             0                0          0 
1998  Azinphosmethyl    0            0             0                0          0 
1999  Azinphosmethyl    0            0             0                0          0 
2000  Azinphosmethyl    0            0             0                0          0 
2001  Azinphosmethyl    0            0             0                0          0 
2002  Azinphosmethyl    .            .             .                .          . 
2003  Azinphosmethyl    .            .             .                .          . 
1991  Bifenthrin        0            0             0                0          0 
1992  Bifenthrin        0            0             0                0          0 
1993  Bifenthrin        0            0             0                0          0 
1994  Bifenthrin        0            0             0                0          0 
1995  Bifenthrin        0            0             0                0          0 
1996  Bifenthrin        0            0             0                0          0 
1997  Bifenthrin        0            0             0                0          0 
1998  Bifenthrin        0            0             0                0          0 
1999  Bifenthrin       10            1.0           0.07             0.07       4 
2000  Bifenthrin        0            0             0                0          0 
2001  Bifenthrin        0            0             0                0          0 
2002  Bifenthrin        .            .             .                .          . 
2003  Bifenthrin        .            .             .                .          . 
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Insecticide Use Data cont’d. 
════════════════════════════════════════════════════════════════════════════════════ 
Year  Insecticide   AreaApp%        Appls         Rate          RateCrop   TotThous 
1991  Carbofuran        0            0             0                0          0 
1992  Carbofuran        0            0             0                0          0 
1993  Carbofuran        0            0             0                0          0 
1994  Carbofuran        0            0             0                0          0 
1995  Carbofuran        0            0             0                0          0 
1996  Carbofuran        0            0             0                0          0 
1997  Carbofuran        0            0             0                0          0 
1998  Carbofuran        4            1.0           0.16             0.16       3 
1999  Carbofuran        7            1.0           0.26             0.27      13 
2000  Carbofuran       11            1.0           0.34             0.34      26 
2001  Carbofuran        0            0             0                0          0 
2002  Carbofuran        .            .             .                .          . 
2003  Carbofuran        .            .             .                .          . 
1991  Chlorpyrifos      .            .             .                .          . 
1992  Chlorpyrifos      0            0             0                0          0 
1993  Chlorpyrifos     14            1.2           0.59             0.68      85 
1994  Chlorpyrifos      .            .             .                .          . 
1995  Chlorpyrifos      0            0             0                0          0 
1996  Chlorpyrifos      0            0             0                0          0 
1997  Chlorpyrifos      0            0             0                0          0 
1998  Chlorpyrifos      0            0             0                0          0 
1999  Chlorpyrifos      0            0             0                0          0 
2000  Chlorpyrifos      0            0             0                0          0 
2001  Chlorpyrifos      0            0             0                0          0 
2002  Chlorpyrifos      .            .             .                .          . 
2003  Chlorpyrifos      .            .             .                .          . 
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Insecticide Use Data cont’d. 
════════════════════════════════════════════════════════════════════════════════════ 
Year  Insecticide   AreaApp%        Appls          Rate          RateCrop  TotThous 
1991  Cyfluthrin       21            2.9           0.03             0.09      17 
1992  Cyfluthrin       14            1.8           0.03             0.05       7 
1993  Cyfluthrin       13            4.2           0.04             0.17      20 
1994  Cyfluthrin       17            4.0           0.03             0.14      21 
1995  Cyfluthrin       16            6.1           0.03             0.19      33 
1996  Cyfluthrin       14            3.9           0.03             0.13      17 
1997  Cyfluthrin       22            2.5           0.03             0.09      12 
1998  Cyfluthrin       17            2.1           0.03             0.07       6 
1999  Cyfluthrin        6            2.6           0.03             0.07       2 
2000  Cyfluthrin       13            1.8           0.03             0.06       6 
2001  Cyfluthrin       35            1.1           0.04             0.04      13 
2002  Cyfluthrin        .            .             .                .          . 
2003  Cyfluthrin       17            1.4           0.03             0.05       5 
1991  Cypermethrin      .            .             .                .          . 
1992  Cypermethrin     28            1.0           0.06             0.06      14 
1993  Cypermethrin     14            1.3           0.05             0.07       9 
1994  Cypermethrin     13            2.4           0.08             0.18      21 
1995  Cypermethrin     15            3.6           0.08             0.27      44 
1996  Cypermethrin     33            2.8           0.06             0.18      53 
1997  Cypermethrin      8            2.3           0.14             0.31      15 
1998  Cypermethrin     35            3.2           0.07             0.22      41 
1999  Cypermethrin     16            1.3           0.08             0.10      10 
2000  Cypermethrin     20            1.3           0.07             0.10      14 
2001  Cypermethrin     11            1.8           0.05             0.10       9 
2002  Cypermethrin      .            .             .                .          . 
2003  Cypermethrin     45            1.8           0.06             0.12      29 
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Insecticide Use Data cont’d. 
════════════════════════════════════════════════════════════════════════════════════ 
Year  Insecticide   AreaApp%        Appls         Rate          RateCrop   TotThous 
1991  Deltamethrin      0            0             0                0          0 
1992  Deltamethrin      0            0             0                0          0 
1993  Deltamethrin      0            0             0                0          0 
1994  Deltamethrin      0            0             0                0          0 
1995  Deltamethrin      0            0             0                0          0 
1996  Deltamethrin      0            0             0                0          0 
1997  Deltamethrin     12            4.1           0.003            0.01       1 
1998  Deltamethrin     13            3.4           0.02             0.08       6 
1999  Deltamethrin      3            1.0           0.02             0.02       1 
2000  Deltamethrin      0            0             0                0          0 
2001  Deltamethrin      0            0             0                0          0 
2002  Deltamethrin      .            .             .                .          . 
2003  Deltamethrin      .            .             .                .          . 
1991  Dicrotophos      18            1.1           0.25             0.27      43 
1992  Dicrotophos      13            1.1           0.20             0.22      26 
1993  Dicrotophos      18            1.1           0.21             0.22      36 
1994  Dicrotophos      17            1.2           0.22             0.26      41 
1995  Dicrotophos      22            1.2           0.23             0.26      61 
1996  Dicrotophos      32            1.5           0.30             0.45     128  
1997  Dicrotophos      16            1.6           0.21             0.33      34 
1998  Dicrotophos      26            1.7           0.27             0.47      66 
1999  Dicrotophos      21            1.3           0.30             0.40      50 
2000  Dicrotophos      20            1.7           0.27             0.48      69 
2001  Dicrotophos      45            1.4           0.28             0.40     158 
2002  Dicrotophos       .            .             .                .          . 
2003  Dicrotophos      34            1.8           0.30             0.56     100 
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Insecticide Use Data cont’d. 
════════════════════════════════════════════════════════════════════════════════════ 
Year  Insecticide   AreaApp%        Appls         Rate          RateCrop   TotThous 
1991  Disulfoton        0            0             0                0          0 
1992  Disulfoton        .            .             .                .          . 
1993  Disulfoton        .            .             .                .          . 
1994  Disulfoton       13            1.0           0.33             0.33      37 
1995  Disulfoton        0            0             0                0          0 
1996  Disulfoton        0            0             0                0          0 
1997  Disulfoton        0            0             0                0          0 
1998  Disulfoton       10            1.0           0.65             0.65      34 
1999  Disulfoton        2            1.0           0.74             0.80       9 
2000  Disulfoton        0            0             0                0          0 
2001  Disulfoton        0            0             0                0          0 
2002  Disulfoton        .            .             .                .          . 
2003  Disulfoton        .            .             .                .          . 
1991  Esfenvalerate     .            .             .                .          . 
1992  Esfenvalerate     .            .             .                .          . 
1993  Esfenvalerate     .            .             .                .          . 
1994  Esfenvalerate    13            4.3           0.04             0.18      21 
1995  Esfenvalerate    14            1.9           0.05             0.09      14 
1996  Esfenvalerate    13            2.0           0.04             0.07       9 
1997  Esfenvalerate     8            2.8           0.05             0.15       8 
1998  Esfenvalerate     0            0             0                0          0 
1999  Esfenvalerate     0            0             0                0          0 
2000  Esfenvalerate     0            0             0                0          0 
2001  Esfenvalerate     0            0             0                0          0 
2002  Esfenvalerate     .            .             .                .          . 
2003  Esfenvalerate     .            .             .                .          . 
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Insecticide Use Data cont’d. 
════════════════════════════════════════════════════════════════════════════════════ 
Year  Insecticide   AreaApp%        Appls          Rate          RateCrop   TotThous 
1991  Lambdacyhalothrn 28            2.1           0.03             0.07      17 
1992  Lambdacyhalothrn 34            1.4           0.02             0.03      10 
1993  Lambdacyhalothrn 52            1.5           0.03             0.05      21 
1994  Lambdacyhalothrn 51            4.0           0.03             0.12      53 
1995  Lambdacyhalothrn 41            3.0           0.03             0.10      42 
1996  Lambdacyhalothrn 25            2.8           0.03             0.07      17 
1997  Lambdacyhalothrn 39            3.1           0.03             0.08      20 
1998  Lambdacyhalothrn 48            2.3           0.03             0.07      18 
1999  Lambdacyhalothrn 24            1.8           0.02             0.04       5 
2000  Lambdacyhalothrn 19            2.1           0.02             0.05       7 
2001  Lambdacyhalothrn 19            1.9           0.02             0.04       6 
2002  Lambdacyhalothrn  .            .             .                .          . 
2003  Lambdacyhalothrn 32            1.5           0.02             0.03       6 
1991  Malathion         0            0             0                0          0 
1992  Malathion         0            0             0                0          0 
1993  Malathion         0            0             0                0          0 
1994  Malathion         0            0             0                0          0 
1995  Malathion         0            0             0                0          0 
1996  Malathion         0            0             0                0          0 
1997  Malathion         4            6.8           0.74             5.02     141 
1998  Malathion         8            16.6          0.88             14.65    649 
1999  Malathion        84            7.0           0.86             6.07    3143 
2000  Malathion        77            8.6           0.87             7.57    4155 
2001  Malathion        53            3.4           0.87             3.03    1386 
2002  Malathion         .            .             .                .          . 
2003  Malathion        27            3.4           1.14             4.42     619 
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Insecticide Use Data cont’d. 
════════════════════════════════════════════════════════════════════════════════════ 
Year  Insecticide   AreaApp%        Appls         Rate          RateCrop   TotThous 
1991  Methamidophos     0            0             0                0          0 
1992  Methamidophos     0            0             0                0          0 
1993  Methamidophos     0            0             0                0          0 
1994  Methamidophos     .            .             .                .          . 
1995  Methamidophos     0            0             0                0          0 
1996  Methamidophos     0            0             0                0          0 
1997  Methamidophos     0            0             0                0          0 
1998  Methamidophos     0            0             0                0          0 
1999  Methamidophos     0            0             0                0          0 
2000  Methamidophos     4            1.0           0.38             0.38      11 
2001  Methamidophos     0            0             0                0          0 
2002  Methamidophos     .            .             .                .          . 
2003  Methamidophos     .            .             .                .          . 
1991  Methomyl          0            0             0                0          0 
1992  Methomyl          .            .             .                .          . 
1993  Methomyl         24            1.0           0.15             0.15      33 
1994  Methomyl         17            1.7           0.23             0.38      59 
1995  Methomyl         11            1.5           0.27             0.41      48 
1996  Methomyl          0            0             0                0          0 
1997  Methomyl          0            0             0                0          0 
1998  Methomyl          0            0             0                0          0 
1999  Methomyl          0            0             0                0          0 
2000  Methomyl          0            0             0                0          0 
2001  Methomyl          0            0             0                0          0 
2002  Methomyl          .            .             .                .          . 
2003  Methomyl          .            .             .                .          . 
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Insecticide Use Data cont’d. 
════════════════════════════════════════════════════════════════════════════════════ 
Year  Insecticide   AreaApp%        Appls          Rate          RateCrop   TotThous 
1991  MethylParathion  34            2.0           0.29             0.56     170 
1992  MethylParathion  69            2.0           0.65             1.33     812 
1993  MethylParathion  89            4.0           0.30             1.22     969 
1994  MethylParathion  83            5.8           0.57             3.30    2455 
1995  MethylParathion  95            4.2           0.46             1.92    1970 
1996  MethylParathion  63            4.8           0.26             1.27     709 
1997  MethylParathion  63            4.3           0.56             2.40     955 
1998  MethylParathion  67            6.1           0.49             2.98    1067 
1999  MethylParathion  38            2.5           1.15             2.94     678 
2000  MethylParathion   4            4.3           0.39             1.68      50 
2001  MethylParathion  18            1.5           0.32             0.49      74 
2002  MethylParathion   .            .             .                .          . 
2003  MethylParathion   6            1.2           0.51             0.63      20 
1991  Oxamyl            .            .             .                .          . 
1992  Oxamyl            .            .             .                .          . 
1993  Oxamyl            .            .             .                .          . 
1994  Oxamyl           11            1.0           0.13             0.13      14 
1995  Oxamyl           11            1.4           0.16             0.23      27 
1996  Oxamyl           29            1.4           0.16             0.22      56 
1997  Oxamyl           17            1.6           0.25             0.40      42 
1998  Oxamyl           31            1.8           0.16             0.29      49 
1999  Oxamyl            8            1.4           0.24             0.35      16 
2000  Oxamyl            0            0             0                0          0 
2001  Oxamyl            0            0             0                0          0 
2002  Oxamyl            .            .             .                .          . 
2003  Oxamyl            .            .             .                .          . 
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Insecticide Use Data cont’d. 
════════════════════════════════════════════════════════════════════════════════════ 
Year  Insecticide   AreaApp%        Appls         Rate          RateCrop   TotThous 
1991  Phorate           .            .             .                .          . 
1992  Phorate           .            .             .                .          . 
1993  Phorate           .            .             .                .          . 
1994  Phorate           .            .             .                .          . 
1995  Phorate           0            0             0                0          0 
1996  Phorate           0            0             0                0          0 
1997  Phorate           0            0             0                0          0 
1998  Phorate           0            0             0                0          0 
1999  Phorate           0            0             0                0          0 
2000  Phorate           3            1.0           0.61             0.65      13 
2001  Phorate           0            0             0                0          0 
2002  Phorate           .            .             .                .          . 
2003  Phorate           .            .             .                .          . 
1991  Profenofos        .            .             .                .          . 
1992  Profenofos        .            .             .                .          . 
1993  Profenofos       42            1.5           0.53             0.78     296 
1994  Profenofos       39            2.1           0.37             0.76     268 
1995  Profenofos       18            2.5           0.50             1.26     249 
1996  Profenofos       19            2.4           0.27             0.64     110 
1997  Profenofos       12            2.7           0.37             1.02      77 
1998  Profenofos        9            2.0           0.48             0.98      46 
1999  Profenofos        0            0             0                0          0 
2000  Profenofos        2            1.5           0.86             1.30      19 
2001  Profenofos        0            0             0                0          0 
2002  Profenofos        .            .             .                .          . 
2003  Profenofos       10            1.5           0.51             0.78      39 
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Insecticide Use Data cont’d. 
════════════════════════════════════════════════════════════════════════════════════ 
Year  Insecticide   AreaApp%        Appls         Rate          RateCrop   TotThous 
1991  Sulprofos         .            .             .                .          . 
1992  Sulprofos         .            .             .                .          . 
1993  Sulprofos         .            .             .                .          . 
1994  Sulprofos         .            .             .                .          . 
1995  Sulprofos         0            0             0                0          0 
1996  Sulprofos         0            0             0                0          0 
1997  Sulprofos         0            0             0                0          0 
1998  Sulprofos         0            0             0                0          0 
1999  Sulprofos         0            0             0                0          0 
2000  Sulprofos         0            0             0                0          0 
2001  Sulprofos         0            0             0                0          0 
2002  Sulprofos         .            .             .                .          . 
2003  Sulprofos         .            .             .                .          . 
1991  Tralomethrin      .            .             .                .          . 
1992  Tralomethrin      .            .             .                .          . 
1993  Tralomethrin     13            1.8           0.01             0.02       3 
1994  Tralomethrin      9            4.0           0.02             0.09       7 
1995  Tralomethrin      9            4.4           0.02             0.09       9 
1996  Tralomethrin      7            3.5           0.02             0.08       5 
1997  Tralomethrin      0            0             0                0          0 
1998  Tralomethrin      0            0             0                0          0 
1999  Tralomethrin      0            0             0                0          0 
2000  Tralomethrin      0            0             0                0          0 
2001  Tralomethrin      0            0             0                0          0 
2002  Tralomethrin      .            .             .                .          . 
2003  Tralomethrin      .            .             .                .          . 
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Insecticide Use Data cont’d. 
════════════════════════════════════════════════════════════════════════════════════ 
Year  Insecticide   AreaApp%        Appls         Rate          RateCrop   TotThous 
1991  ZetaCypermethrin  0            0             0                0          0 
1992  ZetaCypermethrin  0            0             0                0          0 
1993  ZetaCypermethrin  .            .             .                .          . 
1994  ZetaCypermethrin 21            2.8           0.04             0.11      21 
1995  ZetaCypermethrin 16            2.9           0.04             0.13      23 
1996  ZetaCypermethrin 13            2.5           0.04             0.09      11 
1997  ZetaCypermethrin  7            2.2           0.04             0.09       4 
1998  ZetaCypermethrin 13            4.0           0.04             0.17      11 
1999  ZetaCypermethrin  7            1.8           0.04             0.07       3 
2000  ZetaCypermethrin  3            1.0           0.04             0.04       1 
2001  ZetaCypermethrin  9            1.7           0.04             0.08       6 
2002  ZetaCypermethrin  .            .             .                .          . 
2003  ZetaCypermethrin 26            1.6           0.03             0.05       7 
          · insufficient data to report results 
 
 
 
 
 
 
 
 65
 
 
 
 
 
 
 
 
 
 
APPENDIX B: TOXICOLOGICAL AND ECOLOGICAL VALUES 
 
 
 
 
 
 
 
 
 
 
 
Mammalian Toxicological Values by Insecticide w/ Class of Each 
INSECTICIDE CLASS ACUTE ORAL LD50 ACUTE DERMAL LD50 
    mg/kg rat mg/kg rabbit 
ALDICARB Carbamate   8.4 2000
AMITRAZ Amidine   523 200
AZINPHOSMETHYL Organophosphate   55 350
BIFENTHRIN Pyrethroid   54 2000
CARBOFURAN Carbamate   7.34 6783
CHLORPYRIFOS Organophosphate   300 5000
CYFLUTHRIN Pyrethroid   647 2000
CYPERMETHRIN Pyrethroid   150 2000
DELTAMETHRIN Pyrethroid   128 2000
DICROTOPHOS Organophosphate   22 224
DISULFOTON Organophosphate   3.3 9.2
ESFENVALERATE Pyrethroid   458 2000
LAMBDACYHALOTHRIN Pyrethroid   110 2000
MALATHION Organophosphate   5500 2000
METHAMIDOPHOS Organophosphate   17 516
METHOMYL Carbamate   49 2000
METHYL PARATHION Organophosphate   13 662
OXAMYL Carbamate   9 5000
PHORATE Organophosphate   1.6 2.5
PROFENOFOS Organophosphate   3.58 472
SULPROFOS Organophosphate   100 2400
TRALOMETHRIN Pyrethroid   100 2000
ZETA-CYPERMETHRIN Pyrethroid   234 2000
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Ecotoxicological Values by Insecticide w/ Class of Each 
INSECTICIDE   CLASS LC50 FISH ACUTE LD50 AVIAN ACUTE LD50 BEES 
    mg/l @96hrs. mg/kg ug/bee 
ALDICARB Carbamate    0.1 71 0.272
AMITRAZ Amidine    1.3 788 12
AZINPHOSMETHYL Organophosphate    0.003 448 0.958
BIFENTHRIN Pyrethroid    0.00035 1800 0.016
CARBOFURAN Carbamate    0.0053 2.67 0.15
CHLORPYRIFOS Organophosphate    0.1 50 0.11
CYFLUTHRIN Pyrethroid    0.0015 5000 0.029
CYPERMETHRIN Pyrethroid    0.00178 20000 0.06
DELTAMETHRIN Pyrethroid    0.0012 4640 0.079
DICROTOPHOS Organophosphate    10000 4 0.305
DISULFOTON Organophosphate    10 544 6.12
ESFENVALERATE Pyrethroid    0.0026 10000 0.408
LAMBDACYHALOTHRIN Pyrethroid    0.00021 3948 0.038
MALATHION Organophosphate    0.2 400 0.27
METHAMIDOPHOS Organophosphate    25 8 1.37
METHOMYL Carbamate    0.72 24.2 1.29
METHYL PARATHION Organophosphate    3.7 10 0.013
OXAMYL Carbamate    12.4 4.18 10.26
PHORATE Organophosphate    0.28 0.62 10
PROFENOFOS Organophosphate    0.08 70 3.46
SULPROFOS Organophosphate    1 49 7.22
TRALOMETHRIN Pyrethroid    0.1 100 0.129
ZETA-CYPERMETHRIN Pyrethroid    0.000002 10248 0.06
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Environmental Values by Insecticide w/ Class of Each 
INSECTICIDE CLASS SOLUBILITY Koc
HENRY's LAW 
CONST.  Log  Kow 1/2 LIFE 
    mg/l 
Soil adsorption 
coeff. Pa m3/mol 
Octanol-water 
partition coeff. days 
ALDICARB Carbamate      6000 26 1.25E-05 1.13 40
AMITRAZ Amidine      1 951 1.06E+00 6.5 2
AZINPHOSMETHYL Organophosphate 29     940 2.40E-03 2.8 10
BIFENTHRIN Pyrethroid      0.1 240000 7.20E-03 6 26
CARBOFURAN Carbamate      350 46 5.20E-05 1.41 50
CHLORPYRIFOS Organophosphate 1.18     9930 7.43E-01 5 30
CYFLUTHRIN Pyrethroid      0.0020 31000 9.60E-02 5.95 30
CYPERMETHRIN Pyrethroid      0.004 61000 4.26E-02 6.6 30
DELTAMETHRIN Pyrethroid      0.002 6291 1.22E+01 6.1 11
DICROTOPHOS Organophosphate 1000000     64 5.10E-06 -0.5 28
DISULFOTON Organophosphate 12     1345 1.60E-01 4 30
ESFENVALERATE Pyrethroid      0.042 5273 4.15E-02 4 35
LAMBDACYHALOTHRIN Pyrethroid      0.004 180000 1.62E-01 7 30
MALATHION Organophosphate 148.2     1800 1.14E-03 2.7 1
METHAMIDOPHOS Organophosphate 2000000     5 3.00E-07 -0.79 6
METHOMYL Carbamate      58000 72 2.00E-06 -3.24 30
METHYL PARATHION Organophosphate 55     6300 9.57E-04 3300 5
OXAMYL Carbamate      282000 25 2.63E-01 0.3 4
PHORATE Organophosphate 22     1057 1.01E+00 3.92 60
PROFENOFOS Organophosphate 28     2016 3.40E-02 1.7 8
SULPROFOS Organophosphate 0.31     25900 8.70E-02 5.48 140
TRALOMETHRIN Pyrethroid      0.08 360000 3.95E-10 7.60 27
ZETA-CYPERMETHRIN Pyrethroid      0.004 61000 4.20E-02 5 14
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APPENDIX C:  UTILITY SCORES FOR INSECTICIDES STUDIED 
Ui(x)=X-worst: where, Ui(x) is the utility score for a given insecticide; X is the toxicity 
or environmental value for that insecticide; worst is the most toxic or environmentally 
harshest insecticide of the group; and best is the least toxic or environmentally  
friendliest insecticide of the group 
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Utility Scores for All Insecticides in Study  (Ui(x)=X-worst / best-worst) 
INSECTICIDE 
ORAL 
LD50 
DERMAL 
LD50 LC50 FISH 
LD50 
AVIAN 
LD50 
HONEYBEE SOLUBILITY Koc 
HENRY's 
LAW CONST. 
 Log  
Kow 
1/2 
LIFE 
  RAT   RABBIT                 
ALDICARB 0.00124         0.29459 9.9998E-06 0.00352 0.02161 0.99700 0.00006 1.029E-06 0.99868 0.71942
AMITRAZ 0.09483       0.02913 0.00013 0.03937 1 1.00000 0.00263 0.08724 0.99705 0.99281
AZINPHOSMETHYL 0.00971         0.05125 2.998E-07 0.02237 0.07884 0.99999 0.00260 0.00020 0.99817 0.93525
BIFENTHRIN 0.00953         0.29459 3.48E-08 0.08997 0.00025 1.00000 0.66666 0.00059 0.99720 0.82014
CARBOFURAN 0.00104  1 5.298E-07       0.00010 0.01143 0.99983 0.00011 4.280E-06 0.99859 0.64748
CHLORPYRIFOS 0.05427         0.73704 9.9998E-06 0.00247 0.00809 1.00000 0.02757 0.06115 0.99751 0.79137
*CYFLUTHRIN 0.11738         0.29459 1.498E-07 0.24998 0.00133 1 0.08610 0.00790 0.99722 0.79137
CYPERMETHRIN 0.02699        0.29459 1.778E-07 1 0.00392 1.00000 0.16943 0.00351 0.99702 0.79137
DELTAMETHRIN 0.02299         0.29459 1.198E-07 0.23198 0.00551 1 0.01746 1 0.99717 0.92806
*DICROTOPHOS 0.00371        0.03267 1 0.00017 0.02436 0.50000 0.00016 4.197E-07 0.99917 0.80576
DISULFOTON 0.00031         0.00099 0.001 0.02717 0.50947 0.99999 0.00372 0.01317 0.99781 0.79137
ESFENVALERATE 0.08301         0.29459 2.598E-07 0.49998 0.03295 1.00000 0.01463 0.00342 0.99781 0.75540
*LAMBDACYHALOTHRIN 0.01971         0.29459 2.08E-08 0.19738 0.00209 1.00000 0.49999 0.01333 0.99690 0.79137
*MALATHION 1 0.29459       2.000E-05 0.01997 0.02144 0.99993 0.00499 9.383E-05 0.99820 1 
METHAMIDOPHOS 0.00280       0.07573 0.0025 0.00037 0.11321 0 0 2.466E-08 0.99926 0.96403
METHOMYL 0.00862          0.29459 7.19998E-05 0.00118 0.10653 0.97100 0.00019 1.646E-07 1 0.79137
*METHYL PARATHION 0.00207        0.09726 0.00037 0.00047 0 0.99997 0.01749 7.877E-05 0 0.97122
*OXAMYL 0.00135         0.73704 0.00124 0.00018 0.85484 0.85900 0.00006 0.02165 0.99893 0.97842
PHORATE 0        0 2.79998E-05 0 0.83315 0.99999 0.00292 0.08313 0.99783 0.57554
*PROFENOFOS 0.00036         0.06924 7.9998E-06 0.00347 0.28756 0.99999 0.00559 0.00280 0.99850 0.94964
SULPROFOS 0.01790        0.35359 9.99998E-05 0.00242 0.60123 1.00000 0.07193 0.00716 0.99736 0 
TRALOMETHRIN 0.01790       0.29459 9.9998E-06 0.00497 0.00968 1.00000 1 0 0.99672 0.81295
ZETA-CYPERMETHRIN 0.04227        0.29459 0 0.51238 0.00392 1.00000 0.16943 0.00346 0.99751 0.90647
   * insecticides with significant change in total use 
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APPENDIX D:  CALCULATED TOXICOLOGICAL AND 
ENVIRONMENTAL FACTORS 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Oral LD50  F(z) 
 
1184.782
INSECTICIDE  1991            
      
           
              
              
           
              
             
             
          
           
   
          
           
            
              
            
     
       
              
         
              
              
        
             
              
     
1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2003
ALDICARB 127.8417
 
 47.9406 115.8565 82.8973 79.9010
 
 76.9048 152.8108 80.8998 95.8812 139.8269 143.8219 64.91961
 AMITRAZ 0 0 0 31.6810 0 0 0 0 0 0 0
AZINPHOSMETHYL 43.5727 0 0 0 0 0 0 0
BIFENTHRIN 0 0 0 0 0 0 0 0 3.9619 0 0
CARBOFURAN 0 0 0 0 0 0 0 2.9969 12.9864 25.9729 0
CHLORPYRIFOS
 
0 80.3870 0 0 0 0 0 0 0
CYFLUTHRIN 15.0045
 
6.1783 17.6524 18.5350 29.1264 15.0041 10.5914 5.2957 1.7652 5.2957 11.4741 4.4131
CYPERMETHRIN 13.6221 8.7571 20.4332 42.8124 51.5695 14.5951 39.8934 9.7301 13.6221
 
8.7571 28.2173
DELTAMETHRIN 0 0 0 0 0 0 0.9770 5.8621 0.9770 0 0
DICROTOPHOS 42.8404
 
25.9035
 
35.8664
 
40.8479 60.7737
  
127.5251
 
33.8738
 
65.7551 49.81449
 
68.744
 
157.4138
 
99.6289
 DISULFOTON 0 36.9885 0 0 0 33.9895
 
8.9972 0 0
ESFENVALERATE 19.2568 12.8379 8.2529 7.3359 0 0 0 0
LAMBDACYHALOTHRIN 
 
16.6648 
 
9.8028 20.5860 51.9551 41.1719 16.6648 19.6057 17.6451 4.9014 6.8620 5.8817 5.8817
MALATHION 0 0 0 0 0 0 0 0 0 0 0 0
METHAMIDOPHOS 0 0 0 0 0 0 0 0 10.9692 0
METHOMYL 0 32.7155 58.4914 47.5862 0 0 0 0 0 0
METHYL PARATHION 
 
 169.647 
 
810.3165
 
966.9909
 
2449.91 1965.916 707.53 953.02 1064.788 676.5943 49.8963
 
73.8466
 
19.9585
 OXAMYL 13.9811 26.9636 55.9246 41.9434 48.9340 15.9785 0 0
PHORATE 0 0 0 0 0 13 0
PROFENOFOS 295.8934 267.9035 248.9103 109.9604 76.9723 45.9834 0 18.9931 0 38.9859
SULPROFOS 0 0 0 0 0 0 0
TRALOMETHRIN 2.9463 6.8747 8.8389 4.9105 0 0 0 0 0
ZETA-CYPERMETHRIN 
 
 0 0  20.1124 22.0279 10.5350 3.8309 10.5351 2.8732 0.9577 5.7464 6.7041
Oral LD50     
∑ F(z)  371.9991 913.764 1577.652 3163.441 2586.866 1315.557 1422.578 884.461 354.14 406.9415 268.7093
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INSECTICIDE 
 
 1991          
            
            
              
              
              
             
             
             
          
             
  
         
           
       
           
            
      
              
         
              
          
        
             
              
  
1992 1993 1994  
DERMAL LD50   F(z) 
1995 1996 1997 1998 1999 2000 2001 2003
ALDICARB 90.2919
 
33.8595 81.827 58.5486 56.4324 54.3162 107.927 57.1378 67.7189 98.7567 101.5783 45.8513
AMITRAZ 0 0 0 33.98053 0 0 0 0 0 0 0
AZINPHOSMETHYL 41.745 0 0 0 0 0 0 0
BIFENTHRIN 0 0 0 0 0 0 0 0 2.8216 0 0
CARBOFURAN 0 0 0 0 0 0 0 0 0 0 0
CHLORPYRIFOS
 
 0 22.3516 0 0 0 0 0 0 0
CYFLUTHRIN 11.9919
 
4.9378 14.1081 14.8135 23.2784 11.9919 8.4649 4.2324 1.4108 4.2324 9.1703 3.5270
CYPERMETHRIN 9.8757 6.3486 14.8135 31.0378 37.3865 10.5811 28.9216 7.0541 9.8757
 
6.3486 20.4567
DELTAMETHRIN 0 0 0 0 0 0 0.7054 4.2324 0.7054 0 0
DICROTOPHOS 41.5953
  
25.1507
 
34.8240
 
39.6606 59.0073
  
123.8186
 
32.8893
 
63.8440 48.3666
 
66.7460
 
152.8386
 
96.7333
 DISULFOTON 0 36.9634 0 0 0 33.9664
 
8.9911 0 0
ESFENVALERATE 14.8135 9.8757 6.3486 5.6432 0 0 0 0
LAMBDACYHALOTHRIN 
 
 11.9919 
 
7.0541 14.8135 37.3865 29.6270 11.9919 14.1081 12.6973 3.5270 4.9378 4.2324 4.2324
MALATHION 0 0 0 0 0 0 99.46213 457.808 2217.089 2930.959 977.6916 436.6458
 METHAMIDOPHOS 0 0 0 0 0 0 0 0 10.16695 0
METHOMYL 0 23.2784 41.6189 33.8595 0 0 0 0 0 0
METHYL PARATHION 
 
 153.4651 
 
733.0215 874.751 2216.216 1778.389 640.0397 862.1127 963.2191 612.0549 45.1368 
 
66.8024 18.0547 
OXAMYL 3.6814 7.0999 14.7258 11.0443 12.8850 4.2074 0 0
PHORATE 0 0 0 0 0 13 0
PROFENOFOS 275.5042 249.443 231.7586 102.3833 71.6683 42.8148 0 17.6844 0 36.2995
SULPROFOS 0 0 0 0 0 0 0
TRALOMETHRIN 2.1162
 
 4.9378 6.3486 3.5270 0 0 0 0 0
ZETA-CYPERMETHRIN 
 
 0 0 14.8135 16.2243 7.7595 2.8216 7.7595 2.1162 0.7054 4.2324 4.9378
Dermal LD50 
∑ F(z)  309.336 813.8991 1349.923 2823.436 2282.939 1014.289 1227.428 1689.518 2976.063 3202.201 1322.895 666.7387 
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 INSECTICIDE  1991 1992          
      
            
              
              
           
             
             
            
            
             
            
            
             
        
            
            
1969.271   
       
              
         
              
           
              
             
             
  
1993 1994 1995 
LC50 FISH  F(z) 
1996 1997 1998 1999 2000 2001 2003
ALDICARB 127.9987
 
 47.9995 115.9988 82.9992 79.9992
 
 76.9992 152.9985 80.9992 95.9990 139.9986 143.9986 64.9994
AMITRAZ 0 0 0 34.9955 0 0 0 0 0 0 0
AZINPHOSMETHYL 43.9999 0 0 0 0 0 0 0
BIFENTHRIN 0 0 0 0 0 0 0 0 4 0 0
CARBOFURAN 0 0 0 0 0 0 0 2.9999 12.9999 25.9999 0
CHLORPYRIFOS 0 84.99915
 
0 0 0 0 0 0 0
CYFLUTHRIN 17
 
6.9999
 
20 21 33 17 12 5.9999 2 5.9999 13 4.9999
CYPERMETHRIN 14 8.9999 21 43.9999 52.9999 15 40.9999 9.9999
 
14 8.9999 28.9999
DELTAMETHRIN 0 0 0 0 0 0 1 5.9999 1 0 0
DICROTOPHOS 0 0 0 0 0 0 0 0 0 0 0 0
DISULFOTON 0 36.963 0 0 0 33.966
 
 8.991 0 0
ESFENVALERATE 20.9999 14 8.9999 7.9999 0 0 0 0
LAMBDACYHALOTHRIN
 
17 10 21 53 42 17 20 18 5 7 6 6
MALATHION 0 0 0 0 0 0 140.9972 648.987 3142.937 4154.917 1385.972
 
618.9876
 METHAMIDOPHOS 0 0 0 0 0 0 0 0 10.9725 0
METHOMYL 0 32.9976 58.9957 47.9965 0 0 0 0 0 0
METHYL PARATHION 
 
 169.9371 
 
811.6996
 
968.6415
 
2454.092 708.7377 954.6467 1066.605 677.7491 49.9815
 
73.97262
 
19.9926
 OXAMYL 13.9826 26.9665 55.9305 41.9479 48.9392 15.9802 0 0
PHORATE 0 0 0 0 0 12.9996 0
PROFENOFOS 295.9976 267.9979 248.998 109.9991 76.9994 45.9996 0 18.9998 0 38.9997
SULPROFOS 0 0 0 0 0 0 0
TRALOMETHRIN 2.9999 6.9999 8.9999 4.9999 0 0 0 0 0
ZETA-CYPERMETHRIN
 
0 0 21 23 11 4 11 3 1 6 7
 
Fish LC50 
∑ F(z)  331.9358 890.6991 1551.635 3138.025 2538.231 1063.667 1427.59 2010.496 3979.656 4441.869 1637.943 789.9793
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INSECTICIDE 
 
 1991          
     
            
              
              
           
             
          
            
           
            
          
          
           
       
            
           
     
       
              
         
              
          
        
             
              
 
1992 1993 1994  
LD50 AVIAN  F(z) 
1995 1996 1997 1998 1999 2000 2001 2003
ALDICARB  127.5496 
 
47.8311 115.5918 82.7079 79.7185 
 
76.7290 152.4616 80.7149 95.6622 139.5073 143.4932 64.7713
AMITRAZ 0 0 0 33.6220 0 0 0 0 0 0 0
AZINPHOSMETHYL 43.0157 0 0 0 0 0 0 0
BIFENTHRIN 0 0 0 0 0 0 0 0 3.6401 0 0
CARBOFURAN 0 0 0 0 0 0 0 2.9997 12.9987 25.9973 0
CHLORPYRIFOS 0 84.7901 0 0 0 0 0 0 0
CYFLUTHRIN 12.7504
 
 5.2502 15.0005 15.7505 24.7508 12.7504 9.0003 4.5001 1.5000 4.5001 9.7503 3.7501
CYPERMETHRIN 0 0 0 0 0 0 0 0 0 0 0
DELTAMETHRIN 0 0 0 0 0 0 0.7680 4.6081 0.7680 0 0
DICROTOPHOS 42.9927
 
25.9956 35.9939 40.9931 60.9897
 
127.9784 33.9942 65.9888 49.9915 68.9883
 
157.9733 99.9831
DISULFOTON 0 35.9947 0 0 0 33.0762
 
 8.7555 0 0
ESFENVALERATE 10.5003 7.0002 4.5001 4.0001 0 0 0 0
LAMBDACYHALOTHRIN 
 
 13.6446 
 
8.0262 16.8551 42.5391 33.7103 13.6446 16.0525 14.4472 4.0131 5.6184 4.8157 4.8157
MALATHION 0 0 0 0 0 0 138.1843 636.0397 3080.235 4072.026 1358.322
 
606.6388
 METHAMIDOPHOS 0 0 0 0 0 0 0 0 10.9959 0
METHOMYL 0 32.96109 58.93044 47.94341 0 0 0 0 0 0
METHYL PARATHION 
 
 169.9203 
 
811.6192
 
968.5455
 
2453.849 1969.076 708.6675 954.5521 1066.5 677.682 49.9765
 
73.9653
 
19.9906
 OXAMYL 13.9975 26.9952 55.9900 41.9925 48.9913 15.9971 0 0
PHORATE 0 0 0 0 0 13 0
PROFENOFOS 294.9731 267.0703 248.1362 109.6184 76.7329 45.8404 0 18.9341 0 38.8647
SULPROFOS 0 0 0 0 0 0 0
TRALOMETHRIN 2.9851 6.9652 8.9553 4.9752 0 0 0 0 0
ZETA-CYPERMETHRIN 
 
 0 0  10.2399 11.2151 5.3638 1.9505 5.3638 1.4628 0.4876 2.9257 3.4133
Avian LD50 
∑ F(z)  366.8576 898.7223 1567.696 3116.175 2518.491 1120.217 1429.689 2009.07 3952.707 4410.032 1751.246 842.2277 
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 LD50 HONEYBEE  F(z) 
INSECTICIDE  1991            
     
             
              
              
           
             
            
             
          
             
          
          
           
       
            
            
              
          
              
         
              
          
        
             
              
 
1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2003
ALDICARB  125.2343
 
 46.9629 113.4936 81.2066 78.2715 75.3363 149.6942 79.2498 93.9257 136.9751 140.8886 63.5956
AMITRAZ 0 0 0 0 0 0 0 0 0 0 0
AZINPHOSMETHYL 40.5312 0 0 0 0 0 0 0
BIFENTHRIN 0 0 0 0 0 0 0 0 3.9999 0 0
CARBOFURAN 0 0 0 0 0 0 0 2.9657 12.8514 25.7028 0
CHLORPYRIFOS 0 84.3122 0 0 0 0 0 0 0
CYFLUTHRIN 16.9773
 
6.9907 19.9733 20.9720 32.9559 16.9773 11.9840 5.9920 1.9973 5.9920 12.9826 4.9933
CYPERMETHRIN 13.9451 8.9647 20.9177 43.8275 52.7922 14.9412 40.8392 9.9608 13.9451
 
8.9647 28.8863
DELTAMETHRIN 0 0 0 0 0 0 0.9945 5.9670 0.9945 0 0
DICROTOPHOS 41.9525
 
25.3667 35.1231 40.0013 59.5141
 
124.882 33.1718 64.3923 48.7820 67.3192
 
154.1512 97.5640
DISULFOTON 0 18.1497 0 0 0 16.6781
 
 4.4148 0 0
ESFENVALERATE 20.308 13.5387 8.7034 7.7364 0 0 0 0
LAMBDACYHALOTHRIN  
 
16.9645 
 
9.9791 20.9562 52.8895 41.9124 16.9645 19.9583 17.9625 4.9896 6.9854 5.9875 5.9875
MALATHION 0 0 0 0 0 0 137.977 635.0855 3075.614 4065.917 1356.284
 
605.7287
 METHAMIDOPHOS 0 0 0 0 0 0 0 0 9.7547 0
METHOMYL 0 29.4844 52.7146 42.8865 0 0 0 0 0 0
METHYL PARATHION
 
170
 
812
 
969
 
2455 1970 709 955 1067 678 50 74 20
OXAMYL 2.0322 3.9192 8.1288 6.0966 7.1127 2.3225 0 0
PHORATE 0 0 0 0 0 2.1690 0
PROFENOFOS 210.8818 190.9335 177.3972 78.3682 54.8578 32.7722 0 13.5363 0 27.7851
SULPROFOS 0 0 0 0 0 0 0
TRALOMETHRIN 2.9710 6.9323 8.9129 4.9516 0 0 0 0 0
ZETA-CYPERMETHRIN 
 
 0 0  20.9177 22.9098 10.9569 3.9843 10.9569 2.9882 0.9961 5.9765 6.9726
Bee LD50 
∑ F(z)  371.1287 915.2444 1495.16 3023.506 2496.046 1107.061 1396.396 1986.974 3940.84 4399.293 1759.235 861.5131 
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 SOLUBILITY  F(z) 
INSECTICIDE  1991            
              
            
              
             
           
            
              
              
             
              
            
            
             
       
              
            
             
       
              
              
              
          
            
             
              
1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2003
ALDICARB 0.384
 
0.144 0.348 0.249 0.24 0.231 0.459 0.243 0.288 0.42 0.432 0.195
AMITRAZ 0 0 0 1.75E-05 0 0 0 0 0 0 0
AZINPHOSMETHYL 0.0006 0 0 0 0 0 0 0
BIFENTHRIN 0 0 0 0 0 0 0 0 1.96E-07 0 0
CARBOFURAN 0 0 0 0 0 0 0 0.0005 0.0023 0.0045 0
CHLORPYRIFOS 0 5.01E-05 0 0 0 0 0 0 0
CYFLUTHRIN 0 0 0 0 0 0 0 0 0 0 0 0
CYPERMETHRIN 1.4E-08 9E-09 2.1E-08 4.4E-08 5.3E-08 1.5E-08 4.1E-08 1E-08 1.4E-08 9E-09 2.9E-08
DELTAMETHRIN 0 0 0 0 0 0 0 0 0 0 0
DICROTOPHOS 21.5 13 18 20.5 30.5 64 17 33 25 34.5
 
79 50
DISULFOTON 0 0.0002 0 0 0 0.0002
 
 5.4E-05
 
0 0
ESFENVALERATE 4.2E-07 2.8E-07 1.8E-07 1.6E-07 0 0 0 0
LAMBDACYHALOTHRIN
 
1.7E-08
 
1E-08
 
2.1E-08
 
5.3E-08
 
4.2E-08
 
1.7E-08
 
2E-08 1.8E-08 5E-09 7E-09 6E-09 6E-09
MALATHION 0 0 0 0 0 0 0.0104 0.0481 0.2329 0.3079 0.1027 0.0459
METHAMIDOPHOS 0 0 0 0 0 0 0 0 11 0
METHOMYL 0 0.957 1.711 1.392 0 0 0 0 0 0
METHYL PARATHION
 
 0.0047
 
0.0223
 
0.0266
 
0.0675 0.0542 0.0195 0.0263 0.0293 0.0186 0.0014
 
0.0020
 
0.0005
 OXAMYL 1.974 3.807 7.896 5.922 6.909 2.256 0 0
PHORATE 0 0 0 0 0 0.0001 0
PROFENOFOS 0.0041 0.0038 0.0035 0.0015 0.0011 0.0006 0 0.0003 0 0.0005
SULPROFOS 0 0 0 0 0 0 0
TRALOMETHRIN 1.17E-07
 
2.73E-07 3.51E-07 1.95E-07 0 0 0 0 0
ZETA-CYPERMETHRIN
 
 0 0 2.1E-08 2.3E-08 1.1E-08 4E-09 1.1E-08 3E-09 1E-09 6E-09 7E-09
Solubility 
∑ F(z)  21.88867 13.16633 19.33584 24.50614 35.99666 72.14804 23.41879 40.2308 27.79787 46.23422 79.53674 50.24196 
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 Koc   F(z) 
INSECTICIDE  1991            
 
          
              
              
           
             
             
             
         
            
         
          
             
       
             
            
   
     
              
         
             
             
        
             
              
  
1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2003
ALDICARB  127.9925
  
 47.9972 115.9932 82.9952 79.9953
 
 76.9955 152.9911 80.9953 95.9944 139.9918 143.9916 64.9962 
 AMITRAZ 0 0 0 34.9080 0 0 0 0 0 0 0
AZINPHOSMETHYL 43.8857 0 0 0 0 0 0 0
BIFENTHRIN 0 0 0 0 0 0 0 0 1.3334 0 0
CARBOFURAN 0 0 0 0 0 0 0 2.9997 12.9985 25.9970 0
CHLORPYRIFOS
 
 0 82.6566 0 0 0 0 0 0 0
CYFLUTHRIN 15.5363
 
6.3973 18.2780 19.1919 30.1588 15.5363 10.9668 5.4834 1.8278 5.4834 11.8807 4.5695
CYPERMETHRIN 11.6279 7.4751 17.4419 36.5450 44.0201 12.4585 34.0533 8.3057 11.6279
 
7.4751 24.0864
 DELTAMETHRIN 0 0 0 0 0 0 0.9825 5.8952 0.9825 0 0
DICROTOPHOS 42.9930
 
25.9957 35.9941 40.9933 60.9900
 
127.9790 33.9944 65.9892 49.9918 68.9887
 
157.9741 99.9836
 DISULFOTON 0 36.8623 0 0 0 33.8734
 
 8.9665 0 0
ESFENVALERATE 20.6927 13.7951 8.8683 7.8829 0 0 0 0
LAMBDACYHALOTHRIN
 
8.5001
 
5.0001 10.5001 26.5004 21.0003 8.5001 10.0001 9.0001 2.5000 3.5000 3.0000 3.0000
MALATHION 0 0 0 0 0 0 140.2969 645.764 3127.328 4134.282 1379.089 615.9136
 METHAMIDOPHOS 0 0 0 0 0 0 0 0 11 0
METHOMYL 0 32.9939 58.9890 47.9911 0 0 0 0 0 0
METHYL PARATHION 
 
 167.0273 
  
797.8011 952.0557 2412.0710 1935.5519 696.6022 938.3005 1048.3421 666.1443 49.1257
 
72.7060 19.6503
OXAMYL 13.9992 26.9985 55.9969 41.9977 48.9973 15.9991 0 0
PHORATE 0 0 0 0 0 12.9620 0
PROFENOFOS 294.3465 266.5029 247.6090 109.3855 76.5699 45.7430 0 18.8939 0 38.7821
SULPROFOS 0 0 0 0 0 0 0
TRALOMETHRIN 0 0 0 0 0 0 0 0 0
ZETA-CYPERMETHRIN 
 
 0 0  17.4419 19.1030 9.1362 3.3223 9.1362 2.4917 0.8306 4.9834 5.8140
Koc 
∑ F(z)  362.0493 894.8193 1550.293 3092.475 2519.738 1153.02 1429.764 2036.272 3994.864 4482.684 1781.1 876.7957
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 HENRY’S LAW CONST.   F(z) 
INSECTICIDE  1991            
 
           
              
              
           
             
          
             
             
       
   
          
           
  
           
            
   
      
              
         
             
             
        
             
              
1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2003
ALDICARB  127.9999
 
 48.0000 115.9999 82.9999 79.9999
 
 76.9999 152.9998 80.9999 95.9999 139.9999 143.9999 64.9999 
 AMITRAZ 0 0 0 31.9465 0 0 0 0 0 0 0
AZINPHOSMETHYL 43.9913 0 0 0 0 0 0 0
BIFENTHRIN 0 0 0 0 0 0 0 0 3.9976 0 0
CARBOFURAN 0 0 0 0 0 0 0 3.0000 12.9999 25.9999 0
CHLORPYRIFOS 0 79.8021 0 0 0 0 0 0 0
CYFLUTHRIN 16.8657
 
 6.9447 19.8420 20.8341 32.7393 16.8657 11.9052 5.9526 1.9842 5.9526 12.8973 4.9605
CYPERMETHRIN 13.9509 8.9684 20.9264 43.8457 52.8142 14.9474 40.8562 9.9649 13.9509 8.9684 28.8983
DELTAMETHRIN 0 0 0 0 0 0 0 0 0 0 0
DICROTOPHOS 43.0000
 
 26.0000
 
 36.0000
 
 41.0000 61.0000
  
 127.9999
 
34.0000
 
66.0000 50.0000
 
69.0000
 
157.9999
 
100.0000
 DISULFOTON 0 36.5128 0 0 0 33.5523
 
8.8815 0 0
ESFENVALERATE 20.9282 13.9521 8.9692 7.9726 0 0 0 0
LAMBDACYHALOTHRIN 
 
 16.7733 
 
9.8667
 
20.7200
 
52.2933
 
41.4400
 
16.7733
 
19.7333 17.7600 4.9333 6.9067 5.9200 5.9200
MALATHION 0 0 0 0 0 0 140.9868 648.9391 3142.7051
 
4154.6101 1385.8700
 
618.9419
 METHAMIDOPHOS 0 0 0 0 0 0 0 0 11 0
METHOMYL 0 33.0000 59.0000 48.0000 0 0 0 0 0 0
METHYL PARATHION 
 
 169.9866 
 
811.9360 968.9237 2454.8066 1969.8448 708.9442 954.9248 1066.9160 677.9466 49.9961
 
73.9942 19.9984
OXAMYL 13.6970 26.4156 54.7878 41.0909 47.9393 15.6537 0 0
PHORATE 0 0 0 0 0 11.9193 0
PROFENOFOS 295.1717 267.2500 248.3032 109.6922
 
76.7845 45.8713 0 18.9468 0 38.8909
SULPROFOS 0 0 0 0 0 0 0
TRALOMETHRIN 3 7 9 5 0 0 0 0 0
ZETA-CYPERMETHRIN 
 
 0 0  20.9274 22.9205 10.9620 3.9862 10.9620 2.9896 0.9965 5.9793 6.9758
Henry’s Law Const. 
∑ F(z)  374.6255 916.6983 1581.428 3174.113 2597.461 1189.808 1459.332 2068.749 4028.056 4509.279 1795.629 889.5857 
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 LOG Kow   F(z) 
INSECTICIDE  1991            
          
            
              
              
            
             
              
             
          
              
      
          
         
       
             
              
              
        
           0.0282   
             
              
          
        
             
              
   
1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2003
ALDICARB 0.1693
 
 0.0635 0.1535 0.1098 0.1058
 
0.1019 0.2024 0.1072 0.1270 0.1852 0.1905 0.0860
AMITRAZ 0 0 0 0.1032 0 0 0 0 0 0 0
AZINPHOSMETHYL 0.0805 0 0 0 0 0 0 0
BIFENTHRIN 0 0 0 0 0 0 0 0 0.0112 0 0
CARBOFURAN 0 0 0 0 0 0 0 0.0042 0.0183 0.0366 0
CHLORPYRIFOS 0 0.2120 0 0 0 0 0 0 0
CYFLUTHRIN 0.0473
 
0.0195 0.0556 0.0584 0.0918 0.0473 0.0334 0.0167 0.0056 0.0167 0.0362 0.0139
CYPERMETHRIN 0.0417 0.0268 0.0626 0.1311 0.1579 0.0447 0.1221 0.0298 0.0417
 
0.0268 0.0864
DELTAMETHRIN 0 0 0 0 0 0 0.0028 0.0170 0.0028 0 0
DICROTOPHOS 0.0357
 
0.0216
 
0.0299
 
0.0340 0.0506
 
0.1062
 
0.0282
 
0.0547 0.0415 0.0572
 
0.1311 0.0829
 DISULFOTON 0 0.0811 0 0 0 0.0745
 
0.0197 0 0
ESFENVALERATE 0.0460 0.0307 0.0197 0.0175 0 0 0 0
LAMBDACYHALOTHRIN 
 
 0.0527 
 
0.0310 
 
0.0651 
 
0.1643
 
0.1302
 
0.0527
 
0.0620 0.0558 0.0155 0.0217 0.0186 0.0186
MALATHION 0 0 0 0 0 0 0.2536 1.1671 5.6519 7.4717 2.4924
 
1.1131
METHAMIDOPHOS 0 0 0 0 0 0 0 0 0.0082 0
METHOMYL 0 0 0 0 0 0 0 0 0 0
METHYL PARATHION
 
170 812 969 2455 1970 709 955 1067 678 50 74 20
OXAMYL 0.0150 0.0289 0.0600 0.0450 0.0525 0.0171 0 0
PHORATE 0 0 0 0 0 0
PROFENOFOS 0.4427 0.4008 0.3724 0.1645 0.1152 0.0688 0 0.0284 0 0.0583
SULPROFOS 0 0 0 0 0 0 0
TRALOMETHRIN 0.0098 0.0230 0.0295 0.0164 0 0 0 0 0
ZETA-CYPERMETHRIN 
 
 0 0  0.0524 0.0574 0.0274 0.0100 0.0274 0.0075 0.0025 0.0150 0.0175
Log Kow 
∑ F(z)  170.305 812.1772 969.9954 2456.231 1971.028 709.754 955.8147 1068.768 683.9479 57.8981 76.9105 21.4767
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INSECTICIDE  1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2003
ALDICARB  35.9137
 
 13.4676 32.5468 23.2878 22.4460
 
21.6043 42.9281 22.7266 26.9353 39.2806 40.4029 18.2374
AMITRAZ 0 0 0 0.2518 0 0 0 0 0 0 0
AZINPHOSMETHYL 2.8489 0 0 0 0 0 0 0
BIFENTHRIN 0 0 0 0 0 0 0 0 0.7194 0 0
CARBOFURAN 0 0 0 0 0 0 0 1.0576 4.5827 9.1655 0
CHLORPYRIFOS
 
 0 17.7338 0 0 0 0 0 0 0
CYFLUTHRIN 3.5468
 
1.4604 4.1727 4.3813 6.8849 3.5468 2.5036 1.2518 0.4173 1.2518 2.7122 1.0432
CYPERMETHRIN 2.9209 1.8777 4.3813 9.1799 11.0576 3.1295 8.5540 2.0863 2.9209
 
1.8777 6.0504
DELTAMETHRIN 0 0 0 0 0 0 0.0719 0.4317 0.0719 0 0
DICROTOPHOS 8.3525
 
5.0504
 
6.9928
 
7.9640 11.8489
  
24.8633
 
6.6043
 
12.8201 9.7122 13.4029
  
30.6906
 
19.4245
 DISULFOTON 0 7.7194 0 0 0 7.0935
 
 1.8777 0 0
ESFENVALERATE 5.1367 3.4245 2.2014 1.9568 0 0 0 0
LAMBDACYHALOTHRIN  
 
3.5468 
 
2.0863 4.3813 11.0576 8.7626 3.5468 4.1727 3.7554 1.0432 1.4604 1.2518 1.2518
MALATHION 0 0 0 0 0 0 0 0 0 0 0 0
METHAMIDOPHOS 0 0 0 0 0 0 0 0 0.3957 0
METHOMYL 0 6.8849 12.3094 10.0144 0 0 0 0 0 0
METHYL PARATHION 
 
 4.8921 
 
23.3669
 
27.8849
 
70.6475 56.6906 20.4029 27.4820 30.7050 19.5108 1.4388
 
2.1295
 
0.5755
 OXAMYL 0.3022 0.5827 1.2086 0.9065 1.0576 0.3453 0 0
PHORATE 0 0 0 0 0 5.5180 0
PROFENOFOS 14.9065 13.4964 12.5396 5.5396 3.8777 2.3165 0 0.9568 0 1.9640
SULPROFOS 0 0 0 0 0 0 0
TRALOMETHRIN 0.5612 1.3094 1.6835 0.9353 0 0 0 0 0
ZETA-CYPERMETHRIN 
 
 0 0  1.9640 2.1511 1.0288 0.3741 1.0288 0.2806 0.0935 0.5612 0.6547
Half-Life 
∑ F(z)  56.2518 48.3525 117.9424 167.0576 146.2086 95.9353 94.0072 92.7986 67.5827 75.8849 79.6259 49.2014
HALF-LIFE   F(z) 
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